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PBEFACE
iT h is  t h e s i s  i s  p r e s e n t e d  i n  2 volumes:  volume I c o n t a i n s
th e  t e x t  and volume IX th e  t a b l e s  and i l l u s t r a t i o n s .  In  
a d d i t i o n  to  t h e  g e n e r a l  t a b l e  o f  c o n t e n t s  a t  th e  b e g i n n i n g  
o f  volume I ,  each  o f  the  l o n g e r  c h a p t e r s  o f  t h e  t e x t  c a r r i e s  
i t s  own p a r t i c u l a r  t a b l e  o f  c o n t e n t s .  In  volume I I ,  t a b l e s  
1 t o  54 summarise th e  r e s u l t s  o f  a u th o r s  whose work i s  
d i s c u s s e d  i n  t h e  r e v i e w  o f  the  l i t e r a t u r e ;  t a b l e s  55 to  88 
summarise my own work.
Experim ents  w i t h  th e  t u b e r c l e  b a c i l l u s  are  n o t o r i o u s  
f o r  t h e i r  t im e-co n su m in g  n a tu r e  and f o r  th e  f r e q u e n c y  w i t h  
w hich  t h e y  y i e l d  d i s h e a r t e n i n g  r e s u l t s .  My l a b o u r s ,  b o th  
m en ta l  and p h y s i c a l ,  pro v ed  to  be no l e s s  th a n  I had b een  
warned to  e x p e c t ,  b u t  I  must em phasise  t h a t  many o f  th e  
e x p e r im e n ts  would  n o t  have been  p o s s i b l e  w i t h o u t  some c o ­
o p e r a t i o n  from o t h e r s .  I t  i s  w i t h  g r e a t  p l e a s u r e  t h a t  I  
remember and acknowledge my s o u r c e s  o f  a s s i s t a n c e  and e n c o u r ­
agement .
T h is  work was u n d ertaken  p r i m a r i l y  b e c a u s e  P r o f e s s o r
J .  W. Howie drew my a t t e n t i o n  to  th e  u r g e n cy  o f  l a b o r a t o r y
problems co n cern ed  w i t h  t h e  d i a g n o s i s ,  t r e a tm e n t  and c o n t r o l
o f  t u b e r c u l o s i s ;  t h e  work was done w h i l e  I was a member o f
h i s  s t a f f .  H is  a d v i c e  and encouragement l i g h t e n e d  the
p e r i o d s  o f  d e p r e s s i o n  which  a r e  i n e v i t a b l e  i n  t h e  ty p e  o f
i n v e s t i g a t i o n s  r e q u i r e d  f o r  t h i s  t h e s i s ;  th e  equipment and
t e c h n i c a l  a s s i s t a n c e  a v a i l a b l e  i n  h i s  department d id  much 
to  e a s e  th e  p h y s i c a l  p a r t  o f  my l a b o u r s .
i i
For th e  p u rp o ses  o f  my i n v e s t i g a t i o n s  i t  was e s s e n t i a l  
to  have a c c e s s  to  p a t i e n t s  s u f f e r i n g  from pulmonary t u b e r ­
c u l o s i s .  T h is  im p ortan t  p a r t  o f  my work was f a c i l i t a t e d ,  
by th e  c o u r t e s y  and u n d e r s t a n d in g  o f  Dr. A. W. Lees  and th e  
s t a f f  o f  t h e  t u b e r c u l o s i s  d i v i s i o n  a t  R u c h i l l  H o s p i t a l ,
Glasgow. I  must a l s o  r e c o r d  my g r a t i t u d e  to  t h e  p a t i e n t s  
under th e  ca re  o f  Dr. L ees  f o r  t h e i r  u n f a i l i n g  c o - o p e r a t i o n  
i n  th e  p r o v i s i o n  o f  spec im ens#
D i s c u s s i o n  w i t h  o t h e r  workers  h e l p e d  me t o  d e term in e  
my approach to  c e r t a i n  p ro b lem s .  In p a r t i c u l a r  I  am i n d e b t ­
ed to  th e  f o l l o w i n g :  Dr. E. H assau ,  H a r e f i e l d  Sanator ium,
M i d d l e s e x ,  who drew my a t t e n t i o n  to  t h e  p o s s i b l e  v a lu e  o f  
h i s  swab method w hich  I i n v e s t i g a t e d  i n  exp er im en t  12;
Dr. D. D. R e id ,  London S c h o o l  o f  Hygiene and T r o p i c a l  M e d ic in e ,  
f o r  a c c e s s  to  u n p u b l i s h e d  in f o r m a t i o n  c o n c e r n in g  the  i n c i d e n c e  
o f  pulmonary t u b e r c u l o s i s  i n  l a b o r a t o r y  workers ;  and Dr. W# 
McHaught, R u c h i l l  H o s p i t a l  L a b o ra to ry ,  Glasgow, f o r  a c c e s s  
to  u n p u b l i s h e d  i n f o r m a t i o n  on a s im p le  method o f  d e t e r m in in g  
th e  s e n s i t i v i t y  o f  t u b e r c l e  b a c i l l i  to  a n t i - t u b e r c u l o u s  d r u g s .
I  w i s h  to  thank the  donors o f  c e r t a i n  m a t e r i a l s  u s e d  
i n  my ex p e r im e n ts :  Dr. Iff. R. G r i s t ,  Department o f  V i r o l o g y ,
R u c h i l l  H o s p i t a l ,  Glasgow, f o r  a su p p ly  o f  M y o o s ta t in ;
Burroughs Wellcome & Go. L td .  f o r  a s u p p ly  o f  Po ly m y x in  B 
s u l p h a t e ;  Sharp and Do time, L t d . ,  f o r  a s u p p ly  o f  B a c i t r a c i n ;  
and Geigy,  L t d . ,  f o r  a s u p p ly  o f  Desogen.
i i i
Tne i l l u s t r a t i o n s  f o r  t h e  t h e s i s  w e re  p r e p a r e d  i n  
t h e  D e p a r t m e n t s  o f  P a t h o l o g y  and B a c t e r i o l o g y  o f  Glasgow 
U n i v e r s i t y .  The p h o t o g r a p h s  w ere  t a k e n  by M r.  G* B e r r  
and t h e  c o l o u r e d  d r a w i n g s  w e re  made by M r.  B# C a l l a n d e r ;  
I  am i n d e b t e d  t o  b o t h  f o r  t h e i r  s k i l l  and c o - o p e r a t i o n .
I  am i n d e b t e d  t o  tn e  B ank in  B e s e a r c h  Bund f o r  a 
g r a n t  t o w a r d s  t h e  e x p e n s e s  o f  t h i s  w o rk .
I  w i s h  t o  t h a n k  M iss  E« McGlone f o r  h e r  p a t i e n c e ,  
c o - o p e r a t i o n ,  and c o u r t e s y  i n  t h e  p r e p a r a t i o n  o f  t h i s  
t h e s i s  f o r  p u b l i c a t i o n .
Bobroyston  H o s p i t a l  L a b o ra to ry ,  
September,  1 9 5 7 .
A. J. QfHea
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IHEBODPCIION
£The e x a m in a t io n  o f  sputum f o r  the  p r e s e n c e  o f
t u b e r c l e  b a c i l l i  i s  an im portant  p a r t  o f  th e  work done by
h o s p i t a l  l a b o r a t o r i e s .  B e fo re  t h e  i n t r o d u c t i o n  o f  th e
c h e m o th e r a p e u t ic  a g e n t s  which  have p r o f o u n d ly  changed t h e
r e s u l t s  o f  t r e a tm e n t  o f  t u b e r c u l o s i s ,  th e  aim o f  l a b o r a t o r y
i n v e s t i g a t i o n s  was c h i e f l y  d i a g n o s t i c :  t o  e s t a b l i s h  or
con f irm  a d i a g n o s i s  o f  pulmonary t u b e r c u l o s i s ;  t o  a s s e s s
t h e  a c t i v i t y  o f  a pulmonary l e s i o n  th o u g h t  t o  be t u b e r c u lo u s ;
and t o  d e term in e  w h eth er  or n o t  a t u b e r c u lo u s  p a t i e n t  was
a d an gerou s  s o u r c e  o f  i n f e c t i o n  t o  o t h e r s .  A l though  t h e
most r a p id  method o f  d e m o n s t r a t in g  t u b e r c l e  b a c i l l i  i s  t h e
m i c r o s c o p i c  e x a m in a t io n  o f  a s u i t a b l y  s t a i n e d  smear o f
sputum, t h e  most s e n s i t i v e  method i s  th e  i s o l a t i o n  o f
t h e s e  organisms by c u l t u r e  or by t h e  i n o c u l a t i o n  o f  a 
g u in e a  p i g .
The i n t r o d u c t i o n  o f  p a r a - a m i n o s a l i c y l i c  a c i d ,  
s t r e p t o m y c in  and i s o n i a z i d  f o r  t h e  t r e a tm e n t  o f  t u b e r c u l o s i s  
has  i n c r e a s e d  th e  im portance  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i .
The u se  o f  t h e s e  d ru gs  i s  c o m p l ic a te d  by th e  emergence d u r in g  
t r e a tm e n t  o f  t u b e r c l e  b a c i l l i  r e s i s t a n t  t o  th e  agent  or a g e n t s  
em ployed.  I t  has  been e s t a b l i s h e d  by t h e  T u b e r c u l o s i s  
Chemotherapy T r i a l s  Committee o f  t h e  M e d ic a l  r e s e a r c h  C o u n c i l  
( 1952b) t h a t ,  d u r in g  t r e a t m e n t ,  t h e  i n c i d e n c e  and em ergence  
o f  s t r a i n s  o f  t u b e r c l e  b a c i l l i  r e s i s t a n t  to c h e m o th e r a p e u t ic  
a g e n t s  i s  g r e a t l y  reduced  by u s i n g  t h e s e  a g e n t s  i n  c o m b in a t io n  
r a t h e r  than s i n g l y .  The co m b in a t io n  o f  two a g e n t s
does  n o t  p r e v e n t  t h e  d e v e lo p m e n t  o f  r e s i s t a n c e  i f  t h e  
p a t i e n t ' s  s t r a i n  i s  i n i t i a l l y  r e s i s t a n t  t o  one o f  t h e  a g e n t s .  
T h e r e f o r e ,  "before t r e a t m e n t  'b e g in s ,  i t  i s  h i g h l y  d e s i r a b l e  
to  i s o l a t e  t u b e r c l e  b a c i l l i  f ro m  t h e  p a t i e n t  i n  o r d e r  t h a t  
he may be t r e a t e d  w i t h  a s u i t a b l e  c o m b i n a t i o n  o f  a n t i -  
t u b e r c u l o u s  d r u g s  d e t e r m i n e d  by  t e s t i n g  t h e  s e n s i t i v i t y  o f  
h i s  o r g a n i s m s  to  t h e s e  d r u g s .  The i s o l a t i o n  o f  t u b e r c l e  
b a c i l l i  i s  a l s o  i m p o r t a n t  i n  a s s e s s i n g  t h e  r e s p o n s e  o f  a 
p a t i e n t  t o  c h e m o t h e r a p y .  One o f  t h e  m os t  f a v o u r a b l e  
p r o g n o s t i c  s i g n s  i s  t h e  r a p i d  e l i m i n a t i o n  o f  t u b e r c l e  b a c i l l i  
f ro m  t h e  sp u tu m .  D u r in g  t r e a t m e n t  -  e s p e c i a l l y  i f  t h e  
p a t i e n t  makes d i s a p p o i n t i n g  p r o g r e s s  -  i t  may be  n e c e s s a r y  t o  
i s o l a t e  t u b e r c l e  b a c i l l i  f o r  t e s t s  o f  s e n s i t i v i t y  t o  a n t i -  
t u b e r c u l o u s  d r u g s  i n  o r d e r  t o  e s t a b l i s h  w h e t h e r  t h e  p a t i e n t ' s  
o r g a n i s m s  have  become r e s i s t a n t  t o  t h e  d r u g s  em ployed  a n d ,  
i f  t h i s  i s  t h e  c a s e ,  t o  i n d i c a t e  t h e  a p p r o p r i a t e  a g e n t s  f o r  
f u r t h e r  c h e m o t h e r a p y .
The common m ethods  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f ro m  
spu tum  i n v o l v e  s h a k i n g  o f  t h e  spu tum  w i t h  an  a g e n t  w h ic h  k i l l s  
o r g a n i s m s  o t h e r  t h a n  t u b e r c l e  b a c i l l i .  U s u a l l y  sod ium  
h y d r o x i d e  o r  s u l p h u r i c  a c i d  i s  u s e d  f o r  t h i s  p u r p o s e .  These  
d e c o n t a m i n a t i n g  p r o c e d u r e s  a l s o  h o m o g en ise  t h e  s p e c im e n  and  
p e r m i t  c o n c e n t r a t i o n  o f  t h e  t u b e r c l e  b a c i l l i  by c e n t r i f u g a t i o n  
Such m ethods  a r e  f a r  f r o m  i d e a l :  ( l )  t h e y  a r e  t i m e - c o n s u m i n g
an d  demand a h i g h  s t a n d a r d  o f  t e c h n i c a l  s k i l l  on t h e  p a r t  o f  
t h e  l a b o r a t o r y  w o r k e r ;  (2 )  t h e y  a r e  d a n g e r o u s  b e c a u s e  a h i g h l
4i n f e c t i v e  a e r o s o l  i s  l i k e l y  t o  be r e l e a s e d  when a spec im en  
c o n t a i n i n g  many v i a b l e  t u b e r c l e  b a c i l l i  i s  homogenised by  
s h a k in g  w i t h  a d e c o n t a m in a t in g  agent;  ( 3 )  a l th o u g h  d e c o n ­
t a m in a t in g  a g e n t s  are used  t o  p r o v id e  an inoculum  f r e e  from 
l i v e  organ ism s  o th e r  than t u b e r c l e  b a c i l l i ,  t h e y  a l s o  r e d u ce  
th e  number o f  v i a b l e  t u b e r c l e  b a c i l l i  i n  th e  in o cu lu m .  These  
u n d e s i r a b l e  f e a t u r e s  o f  th e  common d e c o n t a m in a t in g  p r o ce d u re s  
assume much g r e a t e r  im p o rta n ce  when a l a b o r a t o r y  has  t o  d e a l  
w i t h  l a r g e  numbers o f  s p e c im e n s .  The advent  o f  s p e c i f i c  
chemotherapy f o r  pulmonary t u b e r c u l o s i s  has  r e c e n t l y  i n c r e a s e d  
th e  demand fo r  l a b o r a t o r y  ex a m in a t io n s  o f  sputum t o  s u c h  an 
e x t e n t  t h a t ,  i n  t h i s  c o u n t r y ,  l a b o r a t o r i e s  s e r v i n g  t u b e r c u l o s i s  
c l i n i c s  and s a n a t o r i a  have t o  cope w i t h  numbers o f  spec im en s  
g r e a t l y  i n  e x c e s s  o f  th e  number w hich  can be handled  s a f e l y  
and e f f i c i e n t l y  by p r e s e n t  methods* T h is  problem i s  even  
more a c u t e  i n  c o u n t r i e s  w h ich  do not  have w e l l - d e v e l o p e d  
l a b o r a t o r y  s e r v i c e s *  The ten d e n c y  i n  some overworked  
l a b o r a t o r i e s  t o  o p e r a t e  t h e s e  methods w i t h  young members o f  
t e c h n i c a l  s t a f f  who have not  com ple ted  t h e i r  t r a i n i n g  i s  a 
s o u r c e  o f  g r e a t  danger t o  t h e s e  t r a i n e e s  and t o  o t h e r s  w ork ing  
in  t h e i r  v i c i n i t y .
I t  i s  i m p o r t a n t ,  t h e r e f o r e ,  t o  r e -ex a m in e  methods  
o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  t a k i n g  i n t o  a c c o u n t  not  o n ly  t h e  
f a c t o r  o f  e f f i c i e n c y ,  but  a l s o  th e  f a c t o r s  o f  s i m p l i c i t y  and 
s a f e t y .  This  t h e s i s  p r e s e n t s :  ( 1 )  a c r i t i c a l  r e v ie w  o f
b a c t e r i o l o g i c a l  methods f o r  t h e  c o n t r o l  o f  t u b e r c u l o s i s  and 
i t s  chemotherapy w i t h  s p e c i a l  r e f e r e n c e  t o  f a c t o r s  which
5make f o r  s a f e t y  i n  l a r g e - s c a l e  work i n  l a b o r a t o r i e s  w h ich  
are  not  s p e c i a l l y  d e s ig n e d  t o  p r e v e n t  t h e  exposure  o f  
t e c h n i c a l  s t a f f  t o  a e r o s o l s  l i k e l y  t o  c o n t a i n  numerous v i a b l e  
t u b e r c l e  b a c i l l i ;  ( 2 )  methods o f  a s s e s s i n g  t h e  e f f i c i e n c y  
o f  d e c o n t a m in a t io n  p ro ced u res  f o r  th e  i s o l a t i o n  o f  t u b e r c l e  
b a c i l l i  from sputum; and ( 3 )  a c r i t i c a l  e x a m in a t io n  o f  th e  
e f f i c i e n c y  o f  a number o f  methods o f  i s o l a t i n g  t u b e r c l e  
b a c i l l i  from sputum.
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The most  im portant  p r e - r e q u i s i t e  to  t h e  i s o l a t i o n  o f  
t u b e r c l e  b a c i l l i  from p a t i e n t s  s u f f e r i n g  from pulmonary  
t u b e r c u l o s i s  i s  t o  ensure  t h a t  t h e  inocu lum  employed has  been  
f r e e d  from organisms o t h e r  than  t u b e r c l e  b a c i l l i  -  i n  o t h e r  
words,  t h e  sputum must f i r s t  be e f f i c i e n t l y  d e co n ta m in a te d .
Other f a c t o r s  -  f o r  example ,  th e  c h o i c e  o f  medium, the  
number o f  tu b e s  o f  medium i n o c u l a t e d ,  t h e  i n c l u s i o n  or  
o m is s io n  o f  g u in e a  p i g  i n o c u l a t i o n  -  have an im p ortan t  
i n f l u e n c e  on t h e  e f f i c i e n c y  w i t h  which  t u b e r c l e  b a c i l l i  w i l l  
be i s o l a t e d  from t h e  sp e c im en .  These a d d i t i o n a l  problems  
w i l l  n o t ,  however,  be t r e a t e d  in  d e t a i l  f o r  two r e a s o n s .
F i r s t ,  th e  method a dopted  f o r  th e  d e c o n t a m in a t io n  o f  th e  
spec im ens  o f  sputum d e te r m in e s  1)  th e  t im e s p e n t  i n  th e  r o u t i n e  
i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  from sputum and 2)  th e  s a f e t y  
o f  the  p r o c e d u r e .  Second,  th e  l e t h a l  e f f e c t  on t u b e r c l e  
b a c i l l i  o f  the d e c o n ta m in a t io n  procedure  e x e r t s  an im portant  
i n f l u e n c e  on the  r e s u l t s  o b t a in e d  w i t h  a r t i f i c i a l  media ,  w i t h  
animal  i n o c u l a t i o n ,  or w i t h  a com b in a t io n  o f  t h e s e  two 
p r o c e d u r e s .  T h is  r e v ie w  o f  t h e  l i t e r a t u r e  w i l l  t h e r e f o r e  be 
l i m i t e d  to  th e  f o l l o w i n g  t o p i c s :  ( l )  t h e  e f f i c i e n c y  o f  
s ta n d a rd  methods o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  from sputum;
(2 J new methods o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  from sputum;
8( 8 )  tn e  p l a c e  c f  m i c r o - c u l t u r e  m ethods  i n  r o u t i n e  l a b o r a t o r y  
p r a c t i c e ;  (4 )  m e th o d s  a d o p t e d  when spu tum  i s  n o t  a v a i l a b l e ,  
f o r  t h e  i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  f rom p a t i e n t s  s u f f e r i n g  
f rom p u lm o n a ry  t u b e r c u l o s i s ;  and (5 )  t h e  s a f e t y  and s im ­
p l i c i t y  o f  t h e s e  and o t h e r  l a b o r a t o r y  p r o c e d u r e s  a d o p t e d  f o r  
t h e  d i a g n o s i s ,  t r e a t m e n t ,  and c o n t r o l  o f  p u lm o n a ry  t u b e r c u ­
l o s i s .
F o r  t h e  c o n v e n i e n c e  ox th e  r e a d e r ,  I  h a v e  t a b u l a t e d  t n e
i
m o st  i m p o r t a n t  r e s u l t s  o f  t r i a l s  o f  m e th o d s  o f  i s o l a t i n g  
t u b e r c l e  b a c i l l i  f rom s p u tu m .  In  my t a b l e s ,  t h e  p r e s e n t a t i o n  
o f  r e s u l t s  o f t e n  d i f f e r s  from t h a t  g i v e n  i n  t h e  o r i g i n a l  
p a p e r s .  I t  was n e c e s s a r y  t o  c o m p i l e  t h e s e  t a b l e s  f o r  t h e  
f o l l o w i n g  r e a s o n s .  F i r s t ,  I  h a v e  a d o p t e d  a f a i r l y  u n i f o r m  
scheme o f  p r e s e n t a t i o n  i h  o r d e r  t o  f a c i l i t a t e  c o m p a r i so n  o f  
t h e  r e s u l t s  of  d i f f e r e n t  s t u d i e s .  s e c o n d ,  t h e  r e s u l t s  
r e p o r t e d  i n  some of  t h e  s t u d i e s  i n  t h i s  r e v i e w  w e re  e i t n e r  
n o t  t a b u l a t e d  or p o o r l y  t a b u l a t e d  and t h e r e f o r e  r e q u i r e d  
c l a r i f i c a t i o n .  T n i r d , i t  i s  i m p o r t a n t  t o  know t h e  t y p e  
o f  s p e c im e n s  w i t h  w h ich  a g i v e n  r e s u l t  was o b t a i n e d  b e c a u s e  
s p e c im e n s  c o n t a i n i n g  few t u b e r c l e  b a c i l l i  snow; d i f f e r e n c e s  
be tw een  m e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  more  c l e a r l y  
t h a n  s p e c im e n s  c o n t a i n i n g  many t u b e r c l e  b a c i l l i ;  t h e  
t a b l e s  w h ic h  I  h a v e  co m p i led  e i t n e r  i n d i c a t e  t h e  t y p e  o f  
spec im e n  used  or  i n d i c a t e  t n a t  i n f o r m a t i o n  c o n c e r n i n g  t n e  
t y p e  o f  s p e c im e n  has  n o t  b ee n  g i v e n  i n  t n e  o r i g i n a l  p a p e r .
QggfflCIBNQY Off S T AMD AHD Jvi^THQUS Off ISOLATING TUB EH OLE 
BACILLI ffHCM SPUTUM
The d e v e lo p m e n t  o f  m e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  
f rom s p u tu m *
A n t i f o r m i n ,  a m i x t u r e  o f  e q u a l  vo lum es  o f  15 p e r  c e n t ,  
sodium h y d r o x i d e  s o l u t i o n  and l i q u o r  s o d a e  c h l o r i n a t a e  
( B . P . )  was t h e  f i r s t  a g e n t  u s e d  f o r  t h e  i s o l a t i o n  o f  t u b e r c l e  
" b a c i l l i  f rom i n f e c t e d  m a t e r i a l  ( U h l e n h u t h  and X y l a n d e r ,  1 9 0 9 ) ;  
G r i f f i t h  (1 9 1 4 )  i n t r o d u c e d  t h e  m ethod t o  t h i s  c o u n t r y .  B e c a u s e  
t h e  a n t i f o r m i n  m ethod  f a i l e d  " t o  g i v e  a r a p i d  and u n i f o r m  
g row th"  and b e c a u s e  " r e p e a t e d  w a s h in g  o f  t h e  spu tum  w i t h  
s t e r i l e  w a t e r  d i m i n i s h e s  t h e  number  o f  o rg a n i sm s  and i n c r e a s e s  
t h e  p o s s i b i l i t y  o f  c o n t a m i n a t i o n f " P e t r o f f  (1 9 1 5 )  i n t r o d u c e d  
t h e  u s e  o f  sodium h y d r o x i d e .  He t r e a t e d  t h e  s p u tu m  w i t h  an 
e q u a l  volume o f  5 p e r  c e n t ,  sod ium  h y d r o x i d e  f o r  f rom t w e n t y  
t o  t h i r t y  m i n u t e s ,  n e u t r a l i s e d  t h e  m i x t u r e  w i t h  n o rm a l  h y d r o ­
c h l o r i c  a c i d  and i n o c u l a t e d  m e d ia  w i t h  t h e  d e p o s i t  o b t a i n e d  
by c e n t r i f u g i n g .  I n  h i s  h ands  t h e  method y i e l d e d  69 c u l t u r e s  
f rom 69 s p e c im e n s  o f  spu tum ,  6 o f  w h ic h  w ere  n e g a t i v e  f o r  
a c i d - f a s t  b a c i l l i  by m i c r o s c o p y .  L d w e n s t e i n  (1 9 2 4 )  s u g g e s t e d  
t h e  u s e  o f  s u l p h u r i c  a c i # .  H is  r e s u l t s  -  l i k e  t h o s e  o f  
G r i f f i t h  w i t h  a n t i f o r m i n  -  i n d i c a t e  o n l y  t h a t  t h e  m ethod i s  
f e a s i b l e  and do n o t  compare t h i s  m ethod  w i t h  any o t h e r  m e th o d .  
C o rp e r  and U ye i  (192 7) p r e f e r r e d  t r e a t m e n t  w i t h  6 p e r  c e n t ,  
s u l p h u r i c  a c i d  t o  t r e a t m e n t  w i t h  2 p e r  c e n t ,  sod ium  h y d r o x i d e  
and l a t e r ,  ( 1 9 5 0 ) ,  s u g g e s t e d  t h e  u s e  o f  5 p e r  c e n t ,  o x a l i c  a c i d  
i n s t e a d  o f  m i n e r a l  a c i d .  They c l a i m e d  t h a t  o x a l i c  a c i d  had
5 a d v a n t a g e s :  ( 1 )  i t  was  a v a i l a b l e  a s  a c h e m i c a l l y  p u r e  s o l i d
from w h ich  s o l u t i o n s  o f  t h e  r e q u i r e d  s t r e n g t h  c o u ld  oe made up 
r a p i d l y  and a c c u r a t e l y ;  (2 )  i t  was l e s s  t o x i c  t o  t u b e r c l e  
b a c i l l i  t h a n  s u l p h u r i c  a c i d ;  (,3) i t  c o n t r o l l e d  c o n t a m i n a t i o n  mor 
e f f e c t i v e l y  t h a n  s u l p h u r i c  a c i d .  I n  1958 Jungmann and 
G ruschka  d e s c r i b e d  an a c i d - i r o n - p e r o x i d e  m ethod f o r  t n e  
h o m o g e n i s a t i o n  o f  spu tum  f o r  m i c r o s c o p y  and c u l t u r e .  Th is  
method gave  s a t i s f a c t o r y  r e s u l t s  in  t h e  h a n d s  o f  H a s s a u  ( 1 9 4 2 ) ,  
and became p o p u l a r  i n  t h i s  c o u n t r y .  To 5 m l .  o f  spu tum  a r e  
added  5 m l . o f  a s o l u t i o n  o f  10 p e r  c e n t ,  f e r r o u s  s u l p h a t e  i n  
10  p e r  c e n t .  (V/V) s u l p h u r i c  a c i d  and 3 m l .  o f  a 3 p e r  c e n t ,  
s o l u t i o n  o f  h y d r o g e n  p e r o x i d e .  The e x a c t  c o n c e n t r a t i o n  o f  
h y d r o g e n  p e r o x i d e  i n  t h e  o r i g i n a l  m ethod  i s  c o n s i d e r e d  by 
A nderson  e t  a l . (1 9 5 3 )  t o  be e q u i v a l e n t  t o  a 10  volume s o l u t i o n  
h y d r o g e n  p e r o x i d e ;  t n e y  e m p h a s i s e  t h a t  N as sa u  s p e c i f i e d  a cone  
n t r a t i o n  o f  1 volume p e r  c e n t ,  w h ich  t h e y  p resum e  means a 
1 vo lum e s t r e n g t h  s o l u t i o n  and t h a t  t h i s  w e ak e r  c o n c e n t r a t i o n  
i s  t h e  one w h ic h  h a s  b ee n  e r r o n e o u s l y  a d o p t e d  by m os t  w o r k e r s  
i n  t h i s  c o u n t r y .  C o rp e r  and S t o n e r  (1946)  s u g g e s t e d  t h e  u s e
o f  t r i s o d i u m  p h o s p h a t e  b e c a u s e  t h e y  fo und  i t  l e s s  t o x i c  t o  
t u b e r c l e  b a c i l l i  t h a n  sodium h y d r o x i d e  o r  o x a l i c  a c i d ;  t h e y  
recommend t r e a t m e n t  o f  t h e  spec im en  w i t h  t r i s o d i u m  p h o s p h a t e  
f o r  24 h o u r s  a t  37°G.
A l th o u g h  t n e  a n t i f o r m i n  method  i s  s t i l l  u s e d  f o r  t n e  
c u l t i v a t i o n  o f  t u b e r c l e  b a c i l l i  i n  s a n e  l a b o r a t o r i e s ,  most  
w o r k e r s  have  d i s c a r d e d  i t  i n  f a v o u r  of  one o f  t n e  o t h e r  
m e t h o d s .  G r i f f i t h  (1 9 1 6 )  drew a t t e n t i o n  t o  t h e  f a c t  t h a t
i n  " t h i n ” s p u t a  '’t u b e r c l e  b a c i l l i  t h e m s e l v e s  d i d  n o t  l o n g  
r e s i s t  t h e  a c t i o n  o f  5 per  c e n t ,  a n t i f o r m i n .  I n  13 
e x p e r i m e n t s  m i x t u r e s  w h ic h  y i e l d e d  p u r e  c u l t u r e s  o f  t u b e r c l e  
b a c i l l i  a f t e r  10  m i n u t e s ’ e x p o s u r e  t o  5 p e r  c e n t ,  a n t i f o r m i n  
w ere  s t e r i l e  a f t e r  f u r t h e r  p e r i o d s  o f  5 o r  10 m i n u t e s . ”
L u r i e  (1 .9.2 S. ) showed t h a t  t h e  a n t i f o r m i n  method was i n f e r i o r  
t o  P e t r o f f ’s sodium h y d r o x i d e  m ethod  ( t a b l e  1) and Saenz  
and P a t e r s o n  (1 9 3 8 )  fo u n d  a f i n a l  c o n c e n t r a t i o n  o f  l o  p e r  
c e n t ,  a n t i f o r m i n  i n f e r i o r  to  s u l p h u r i c  a c i d  u s e d  i n  7 .5  p e r  
c e n t ,  f i n a l  c o n c e n t r a t i o n . S o l t y s  (1 9 5 2 )  c l a s s i f i e d  i t  
u n d e r  "m e th o d s  t o  be u s e d  o n ly  b e f o r e  d i r e c t  m i c r o s c o p y . ”
The o t h e r  m e th o d s  have  b e e n  i n v e s t i g a t e d  by numerous  
w o r k e r s  b u t  t h e s e  s t u d i e s  have  p r o d u c e d  no g e n e r a l  a g r e e m e n t ;  
t h e  r e s u l t s  o b t a i n e d  by one w o r k e r  o f t e n  c o n t r a d i c t  t h o s e  o f  
a n o t h e r .  There  a r e  many p o s s i b l e  r e a s o n s  f o r  t h i s  s t a t e  
o f  a f f a i r s .  Two d i f f e r e n t  g e n e r a l  m e th o d s  o f  t r i a l  h av e  
b e e n  a d o p t e d ;  ( 1 )  a c o m p a r i s o n  o f  two o r  more  m e th o d s  u s i n g  
l a r g e  number  o f  s p e c im e n s  o f  spu tum  and ( 2 )  q u a n t i t a t i v e  
s t u d i e s  o f  t h e  l e t h a l  e f f e c t s  on t u b e r c l e  b a c i l l i  o f  two or  
more m e t h o d s .
The f i r s t  m ethod  seems i d e a l  -  " t h e  p r o o f  o '  t h e  
p u d d i n ’ s t h e  p r e e i n ’ o ’ t "  -  b u t  t h e  f o l l o w i n g  d i s a d v a n t a g e s  
m u s t  b e  b o r n e  i n  m i n d .  F i r s t ,  t h e  numbers  o f  s p e c im e n s  m ust  
be l a r g e  enough  t o  y i e l d  s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s ;  
s e c o n d ,  i f  s p e c im e n s  c o n t a i n i n g  l a r g e  numbers  o f  t u b e r c l e  
b a c i l l i  a r e  u s e d ,  t n e  d i f f e r e n c e s  b e tw e e n  m e th o d s  may be 
m i n i m i s e d  and i f  a s e r i e s  o f  s p e c im e n s  c o n t a i n i n g  s m a l l  numbers
o f  t u b e r c l e  b a c i l l i  i s  u sed  i t  w i l l  probably  c o n t a in  a l a r g e  
number o f  spec im ens  in c a p a b l e  o f  y i e l d i n g  p o s i t i v e  r e s u l t s  by 
any method; and t h i r d ,  t h i s  k ind  o f  t r i a l  on ly  r e l a t e s  
one method t o  an other  and d o e s  not  e s t a b l i s h  th e  e f f i c i e n c y  
o f  any method i n  a b s o l u t e  t e r m s .  The second method can be 
made t o  y i e l d  a b s o l u t e  r e s u l t s  c o n c e r n in g  t h e  l e t h a l  e f f e c t  o f  
th e  a g e n t s  under t r i a l  but so  f a r  t h e s e  v a l u e s  have been  
e s t a b l i s h e d  o n ly  w i t h  aqueous s u s p e n s i o n s  o f  t u b e r c l e  b a c i l l i  
or w i t h  n o n - t u b e r c u lo u s  sputum t o  w h ich  has  been added a known 
number o f  t u b e r c l e  b a c i l l i ;  i t  i s  d o u b t f u l  i f  such  s t u d i e s  
p r o v id e  v a l i d  r e s u l t s  f o r  t h e  a s se s sm e n t  o f  methods t o  be used  
i n  r o u t i n e  l a b o r a t o r y  p r a c t i c e .
A p a r t  f rom  t h e  d i f f i c u l t i e s  i n t r o d u c e d  by h a v i n g  two 
m ain  ways  o f  a s s e s s i n g  d e c o n t a m i n a t i o n  m e t h o d s ,  i t  i s  o f t e n  
i m p o s s i b l e  t o  compare  t h e  r e s u l t s  o f  one w o r k e r  w i t h  t h o s e  o f  
a n o t h e r  f o r  t h e  f o l l o w i n g  r e a s o n s :  ( 1 )  b e c a u s e  t h e  d e t a i l s  o f
t h e s e  m e th o d s  a r e  e a s i l y  m o d i f i e d ,  ( 2 )  b e c a u s e  d i f f e r e n t  m e d ia  
a r e  em ployed  by d i f f e r e n t  w o r k e r s  and ( 3 )  b e c a u s e  t h e  r e s u l t s  
a r e  o f t e n  r e c o r d e d  w i t h  i n s u f f i c i e n t  d e t a i l  ( s e e  p .  8 o f  t h i s  
t h e s i s ) .  I t  i s  p r o p o s e d  t h e r e f o r e  t o  p r e s e n t  t h e  r e s u l t s  
o b t a i n e d  w i t h  s p e c im e n s  o f  spu tum i n  a r e c e n t  c a r e f u l l y  c o n t r o l l e d  
t r i a l  c o n d u c t e d  by t h e  P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  (1 9 5 2 )  
a n d ,  i n  t h e  l i g h t  o f  t h e  r e s u l t s  o f  t h i s  t r i a l ,  t o  exam ine  ( 1 )  
t h e  r e s u l t s  o b t a i n e d  w i t h  t h e s e  m e th o d s  by o t h e r  w o r k e r s  who 
u s e d  s e r i e s  o f  spu tum  s p e c i m e n s ;  and ( 2 )  t h e  r e s u l t s  o b t a i n e d  
i n  q u a n t i t a t i v e  a s s e s s m e n t s  o f  t h e  l e t h a l  e f f e c t s  on t u b e r c l e
b a c i l l i  o f  t h e s e  d e c o n t a m i n a t i n g  a g e n t s .
E v a l u a t i o n  of  S t a n d a r d  M ethods
P u b l i c  H e a l t h  Lab o r a t o r y  S e r v i c e T r i a l  ( 1 9 5 2 ) * The m et hod s  
examined i n  t h i s  t r i a l  were ( 1 )  t r e a t m e n t  o f  t h e  spu tum  w i t n  an 
e q u a l  volume o f  3 p e r  c e n t .  (V/V)  s u l p h u r i c  a c i d  a t  3 7°G f o r  
n o t  more t h a n  30  m i n u t e s ,  ( 2 )  t r e a t m e n t  w i t h  an e q u a l  volume 
o f  4 p e r  c e n t ,  so d iu m  h y d r o x i d e  u n t i l  h o m o g e n i s a t i o n  was c o m p l e t e ,  
( 3 )  t r e a t m e n t  w i t h  a c i d - i r o n - p e r o x i d e ,  u s i n g  a c o n c e n t r a t i o n  o f  
h y d r o g e n  p e r o x i d e  o f  1 volume s t r e n g t h  ( s e e  p .  10 o f  t h i s  t h e s i s ]  
f o r  20  m i n u t e s  a t  room t e m p e r a t u r e  and ( 4 )  t r e a t m e n t  w i t h  
t r i s o d i u m  p h o s p h a t e  f o r  24 h o u r s  a t  37°C .  Twelve l a b o r a t o r i e s  
t o o k  p a r t  i n  t h e  t r i a l  b u t  a l l  c o n t r o l l a b l e  d e t a i l s  o f  p r o c e d u r e  
were  c a r e f u l l y  s t a n d a r d i s e d  t h r o u g h o u t  t h e  12 l a b o r a t o r i e s .  I n  
e a c h  l a b o r a t o r y  t h e  m e th o d s  were  t o  be  t e s t e d  i n  p a i r s  on g r o u p s  
o f  52 s p e c i m e n s  and t h e  6 p o s s i b l e  c o m b i n a t i o n s  o f  p a i r s  f ro m t h e  
4 m e th o d s  w ere  t e s t e d  i n  each  l a b o r a t o r y ;  a few l a b o r a t o r i e s  
were u n a b l e  t o  c o m p l e t e  t h i s  programme f o r  e v e r y  p a i r  o f  m e t ho d s  
u n d e r  t r i a l -  The t r i a l  was p l a n n e d  i n  6 s t a g e s ,  a r r a n g e d  
s o  t h a t  i n  any  s t a g e  a l l  t h e  p o s s i b l e  c o m b i n a t i o n s  w e re  
t e s t e d ,  e a ch  c o m b i n a t i o n  b e i n g  a s s i g n e d  t o  2 of  t h e  12 l a b ­
o r a t o r i e s .  The s p e c im e n s  o f  sputum examined  a t  eac h  s t a g e  
by eac h  l a b o r a t o r y  were  s e l e c t e d  so  t h a t  r o u g h l y  t n r e e  q u a r t e r s  
w ere  n e g a t i v e  by  m i c r o s c o p y  f o r  a c i d - f a s t  b a c i l l i  and t h e  
r e m a i n d e r  w e re  p o s i t i v e  by m i c r o s c o p y .  The m i c r o s c o p i c a l l y
n e g a t i v e  sp e c im e n s  w ere  s e l e c t e d  f rom  o u t - p a t i e n t  t u n e r -  14
c u l o s i s  c l i n i c s  and s a n a t o r i a ;  t n e  m i c r o s c o p i c a l l y  p o s i t i v e  
sp e c im e n s  w ere  d e f i n e d  a s  t h o s e  " i n  w n ic h ,  on c a r e f u l  e x a m i n a t i o n  
o f  100 f i e l d s ,  20  or  l e s s  t h a n  20  o r g a n i s m s  or  c lumps o f  
o r g a n i s m s  m o r p h o l o g i c a l l y  r e s e m b l i n g  M y c o b a c te r iu m  t u b e r c u l o s i s  
were  d e t e c t e d . "  Each  spec im en  i n  t h e  t r i a l  was t h e r e f o r e  
examined by 2 m e th o d s ,  t h e  sp ec im e n  b e i n g  d i v i d e d  e q u a l l y  
b e tw e e n  t h e  two m e th o d s -  The number o f  e x a m i n a t i o n s  r e p o r t e d  
i n  t h e  t r i a l  i s  t h e r e f o r e  t w i c e  t h e  number  o f  s p e c im e n s  used  .
I n  a d d i t i o n  t o  t h e  main  r e s u l t s  o f  t h e  t r i a l  ( t a b l e  2 ) ,  i t  
was shown t h a t  t h e  d i v i s i o n  o f  t h e  spu tum  i n t o  2 p o r t i o n s  d i d  
n o t  b i a s  t h e  r e s u l t s ;  f i r s t  and s eco n d  p o r t i o n s  o f  s p e c i m e n s  
y i e l d e d  c o m p a r a b l e  numbers  o f  p o s i t i v e  r e s u l t s .
The t r i a l  p l a c e d  t n e  f o u r  m e th o d s  i n  t h e  f o l l o w i n g  
o r d e r  o f  e f f i c i e n c y :  ( 1 )  t h e  sodium h y d r o x i d e  m ethod ;  (2 )
t h e  s u l p h u r i c  a c i d  m ethod ;  (3 )  t h e  a c i d - i r o n - p e r o x i d e  m etnod  
and ( 4 )  t h e  t r i s o d i u m  p h o s p h a t e  metnod  ( t a b l e  2 ) .  The o r d e r  
i s  t h e  same f o r  s p e c im e n s  n e g a t i v e  by  m i c r o s c o p y ,  sp e c im e n s  
p o s i t i v e  by m i c r o s c o p y  and f o r  a l l  s p e c im e n s  t a k e n  t o g e t h e r .  
S i g n i f i c a n t  d i f f e r e n c e s  be tween  t h e  m e t h o d s ,  h o w ev e r ,  a r e  
o n l y  o b t a i n e d  w i t h  m i c r o s c o p i c a l l y  n e g a t i v e  s p e c i m e n s :  t h e
sod ium  h y d r o x i d e  m ethod i s  s i g n i f i c a n t l y  s u p e r i o r  t o  t h e  
t h r e e  o t h e r  m e th o d s  and t h e  s u l p h u r i c  a c i d  m etnod  i s  
s i g n i f i c a n t l y  s u p e r i o r  t o  t h e  t r i s o d i u m  p h o s p h a t e  m e tn o d .
In  t h e  i n t r o d u c t i o n  of  t h e  p a p e r  r e p o r t i n g  t h i s  
i n v e s t i g a t i o n ,  a t t e n t i o n  i s  drawn t o  t n e  c o n t r a d i c t o r y  
n a t u r e  o f  t n e  l i t e r a t u r e  on m e th o d s  o f  p r e p a r i n g  spu tum  f o r  
t h e  i n o c u l a t i o n  o f  m e d ia ;  t n e  d i s c u s s i o n  o f  t h e  r e s u l t s ,
h o w e v e r ,  makes  no a t t e m p t  t o  examine t h e  r e s u l t s  o f  o t h e r  
w o r k e r s  and i t  i s  s im p l y  s t a t e d  t h a t  " t h e  c o n c l u s i o n s  a r e  
v a l i d  o n l y  f o r  t h e  t e c h n i q u e  a s  d e s c r i b e d  i n c l u d i n g  t h e  
u s e  o f  L f i w e n s t e i n - J e n s e n  medium" and t h a t  " w i t h  v a r i a t i o n s  
i n  t h e  t e c h n i q u e  or  t h e  u s e  o f  d i f f e r e n t  m e d ia  d i f f e r e n t  
r e s u l t s  m i g h t  h a v e  been  o b t a i n e d ,  a f f e c t i n g  t h e  o r d e r  o f  
m e r i t  a s s i g n e d  to  t h e  v a r i o u s  m e t h o d s . "  T h i s  c a u t i o u s  
a t t i t u d e  i s  j u s t i f i e d  t o  some e x t e n t  b e c a u s e  i t  i s  d i f f i c u l t  
t o  compare r e s u l t s  o b t a i n e d  by  d i f f e r e n t  k i n d s  o f  t r i a l s  
c a r r i e d  o u t  u n d e r  c o n d i t i o n s  w h ic h  may d i f f e r  g r e a t l y  f rom 
one l a b o r a t o r y  t o  a n o t h e r .  N e v e r t h e l e s s ,  f a i l u r e  t o  exam ine  
t h e  r e s u l t s  o b t a i n e d  b y  o t h e r  w o r k e r s  s u g g e s t s  ( 1 )  t h a t  t h e  
s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  sod ium  h y d r o x i d e  method 
and t h e  o t h e r  m e th o d s  i s  some k i n d  o f  a r t e f a c t  d e p e n d i n g  
e n t i r e l y  on t h e  d e t a i l s  o f  p r o c e d u r e  a d o p t e d  f o r  t h e  o t h e r  
m e th o d s  and ( 2 )  t h a t  m o d i f i c a t i o n  o f  one o f  t h e  o t h e r  m e th o d s  
m ig h t  make i t  a s  e f f i c i e n t  o r  s i g n i f i c a n t l y  more e f f i c i e n t  
t h a n  t h e  sodium h y d r o x i d e  m e t h o d .
Ot h e r  t r i a l s  w i t h  s e r i e s  o f  spu tum  s p e c i m e n s . The f o l l o w i n g  
m e th o d s  were  t e s t e d  by B a k e r  ( 1 9 5 1 ) :  ( 1 )  t r e a t m e n t  w i t h
sodium  h y d r o x i d e  combined w i t h  f l o c c u l a t i o n  (Hanks e t  a l . 
( 1 9 3 8 ) ,  ( 2 )  t r e a t m e n t  w i t h  5 p e r  c e n t ,  o x a l i c  a c i d ,  ( 3 )  
t r e a t m e n t  w i t h  t r i s o d i u m  p h o s p h a t e ,  ( 4 )  t r e a t m e n t  w i t n  a c i d -  
i r o n - p e r o x i d e , u s i n g  1 ?volume s t r e n g t h  h y d ro g e n  p e r o x i d e  and 
( 5 )  t r e a t m e n t  w i t h  sod ium  h y d r o x i d e .  U s i n g  a t a b l e  o f  
random n u m b ers ,  s p e c im e n s  o f  sputum w e re  a l l o c a t e d  t o  e a c h  
method  i n  b a t c h e s  o f  12;  e a c h  s p e c im e n  was c u l t u r e d  o n ly  by
one m e th o d .  The r e s u l t s  i n  t a b l e  3 a r e  t a k e n  f rom B a k e r ' s
p a p e r .  The number  o f  s p e c im e n s  t e s t e d  by e a c h  method i s
s m a l l .  I n  a d d i t i o n ,  c o m p a r i s o n  o f  t h e  r e s u l t s  o f  t h e s e
s m a l l  s e r i e s  i s  made l e s s  p r o f i t a b l e  by  t h e  f a c t  t h a t  t h e
s p e c im e n s  u s e d  i n  e a c h  s e r i e s  were  d i f f e r e n t *  Such  a s  t h e y
a r e ,  t h e  r e s u l t s  a g r e e  w i t h  t h o s e  o b t a i n e d  by t h e  p u b l i c
H e a l t h  L a b o r a t o r y  S e r v i c e  i n  p l a c i n g  t h e  sodium h y d r o x i d e
m ethod  f i r s t  i n  o r d e r  o f  e f f i c i e n c y ,  e s p e c i a l l y  f o r  s p e c im e n s
n e g a t i v e  f o r  a c i d - f a s t  b a c i l l i  on d i r e c t  m i c r o s c o p y ;  on t h e
o t h e r  h a n d ,  t h e  o x a l i c  a c i d  m ethod  u s e d  by B a k e r  i s  i n f e r i o r
t o  t h e  t r i s o d i u m  p h o s p h a t e  m ethod  w h e r e a s  t h e  s u l p h u r i c  a c i d
m ethod  u sed  by t h e  P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  was
s i g n i f i c a n t l y  s u p e r i o r  t o  t h e  t r i s o d i u m  p h o s p h a t e  m e thod  f o r
s p e c i m e n s  n e g a t i v e  by d i r e c t  m i c r o s c o p y .  I n  t h i s  c o n n e c t i o n
i t  m us t  be n o t e d  t h a t  t h e  e x p o s u r e  t im e  a d o p t e d  by B a k e r  was
o40 m i n u t e s  a t  37 0 f o r  o x a l i c  a c i d  and t h a t  t h e  c o r r e s p o n d i n g  
t im e  f o r  s u l p h u r i c  a c i d  i n  t h e  P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  
t r i a l  was n e v e r  more t h a n  30 m i n u t e s  a t  3 7 °C. T h e re  seems 
t o  be l i t t l e  a d v a n t a g e  i n  t h e  m o d i f i c a t i o n  o f  t h e  sod ium  
h y d r o x i d e  m ethod p r o p o s e d  by Hanks e t  a l . and t h e  r e s u l t s  
o b t a i n e d  w i t h  t h e  a c i d - i r o n - p e r o x i d e  m ethod  a r e  v e r y  p o o r  f o r  
s p e c i m e n s  n e g a t i v e  on d i r e c t  m i c r o s c o p y .
Most  o f  t h e  o t h e r  a u t h o r s  who u s e  s e r i e s  o f  s p e c im e n s  
i n  t r i a l s  o f  m e th o d s  o f  p r e p a r i n g  spu tum  f o r  c u l t u r e  l i m i t  t h e  
s t u d y  t o  a p a i r  o f  m e t h o d s .  T h e se  t r i a l s  w i l l  be  c o n s i d e r e d  
u n d e r  t h e  f o l l o w i n g  h e a d i n g s : -
a)  C om par isons  be tween  a l k a l i  m e t h o d s .
'b ) Com pa r  i  s ons b e t  we en ac i  d meth  od s .
o ) Compar i sons  b e t w ee n  a l k a l i  m e t n o d s  and a c i d  met  no a a .
a J C o m p ar i so n s  be tw een  a l k a l i  m e tn o d s*
At f i r s t  s i g l i t  i t  seems s t r a n g e  t h a t  t n e  sod ium h y d r o ­
x i d e  m ethod  s h o u l d  be so  much b e t t e r  t h a n  a n o t h e r  a l k a l i  
m e t h o d ,  t h e  t r i s o d i u m  .phosphate  m e th o d ,  i n  t n e  h a n d s  o f  t h e  
P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  ( t a b l e  2 ) .  T n is  r e s u l t  
c o n f i r m s  t n a t  o f  M u l la h y  (1 9 5 0 ,  t a b l e  4 )  wno found a d i  H e r e  nee  
be tween  t h e  two m e th o d s  w h ic h  a g r e e s  c l o s e l y  w i t h  t h a t  found 
by t h e  P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e .  A s t r i k i n g  s u p e r i o r ­
i t y  o f  t h e  sodium h y d r o x i d e  method was a l s o  d e m o n s t r a t e d  uy 
Byham (1 9 5 0 ,  t a b l e  5 ) .  M u l la h y  and Byham, h o w ev e r ,  e x p e r i e n c e d  
v e r y  h i g h  c o n t a m i n a t i o n  r a t e s  w i t h  t h e  t r i s o d i u m  p h o s p h a t e  
m ethod  ( 3 0 . 4  p e r  c e n t #  and 20*2 p e r  c e n t ,  r e s p e c t i v e l y ); 
t h e s e  c o n t a m i n a t i o n  r a t e s  b i a s  t h e i r  r e s u l t s  i n  f a v o u r  o f  + ne 
sod ium  h y d r o x i d e  m e th o d .
On t h e  o t h e r  hand S t a r k e y  and A u b e r t  (1950)  c l a im  
b e t t e r  r e s u l t s  w i t h  t r i s o d i u m  p h o s p h a t e  t h a n  w i t h  sod ium  
h y d r o x i d e  f o r  s p e c im e n s  n e g a t i v e  by m i c r o s c o p y .  T h e i r  r e s u l t s  
( t a b l e  6)  do n o t  show a g r e a t  d i f f e r e n c e  be tween  t h e  two 
m e th o d s  e x c e p t  when t r i s o d i u m  p h o s p h a t e  i s  u sed  as  a t r a n s p o r t  
medium f o r  s p e c im e n s  r e c e i v e d  by p o s t .  A l th o u g h  i n  one 
c o m p a r i s o n  t h e  sodium h y d r o x i d e  method i s  s l i g h t l y  m ore  
e f f i c i e n t  t h a n  t h e  t r i s o d i u m  p h o s p h a t e  m e th o d ,  t h e y  s u g g e s t  
t h a t  t h e  m i c r o s c o p i c  e x a m i n a t i o n  of  t n e  s p e c i m e n s  t r e a t e d  w i t h
sod ium  h y d r o x i d e  was u n s a t i s f a c t o r y  b e c a u s e  o f  t e m p o r a r y  
s t a f f i n g  d i f f i c u l t i e s  and t n a t  some of t h e s e  sp e c im e n s  would 
h a v e  been  c l a s s i f e d  as  p o s i t i v e  by m i c r o s c o p y  by t n e  s ta n d a rd ,  
o f  e x a m i n a t i o n  a d o p t e d  f o r  t h e  t r i s o d i u m  p h o s p h a t e  m e th o d .  
G i f f o r d  e t  a l . (1 9 5 1 )  and P e i z e r  e t  a l . ( 1 9 5 4 )  found l i t t l e  
d i f f e r e n c e  b e tw e en  t n e  two m e th o d s  b u t  n e i t h e r  o f  t h e s e  g r oup  
o f  w o r k e r s  g i v e  d e t a i l s  o f  r e s u l t s  w i t h  s p e c im e n s  n e g a t i v e  
fey m i c r o s c o p y  ( t a f e l e s  7 and 8 ) .  A l l  of  t h e s e  i n v e s t i g a t i o n s  
w h ich  show t h a t  t h e  t r i s o d i u m  p h o s p h a t e  m e thod  i s  e q u a l  t o  or 
s u p e r i o r  t o  t h e  sod ium  h y d r o x i d e  method w e re  c o n d u c t e d  u n d e r  
c o n d i t i o n s  'which d i f f e r e d  from t h o s e  a d o p t e d  by t n e  P u b l i c  
H e a l t h  L a b o r a t o r y  S e r v i c e .  S t a r k e y  and A u b e r t  u sed  a f i n a l  
c o n c e n t r a t i o n  o f  t r i s o d i u m  p h o s p h a t e  e q u i v a l e n t  t o  3 . 3  p e r  
c e n t ,  o f  t h e  a n h y d ro u s  s a l t  and P e i z e r  e t  a l . whose stugLy was 
c o n d u c t e d  on s p e c im e n s  o b t a i n e d  f rom o u t - p a t i e n t s  u sed  
4 . 3  p e r  c e n t ,  o f  t h e  afrh.ydrousi s a l t  as  a c o l l e c t i o n  medium 
( g i v i n g  a f i n a l  c o n c e n t r a t i o n  o f  a p p r o x i m a t e l y  2 . 5  p e r  c e n t ,  
t r i s o d i u m  p h o s p h a t e  a f t e r  t h e  a d d i t i o n  o f  s p u tu m ) ;  t h e  f i n a l  
c o n c e n t r a t i o n  o f  a n h y d r o u s  s a l t  u s e d  i n  t h e  p u b l i c  H e a l t h  
L a b o r a t o r y  S e r v i c e  T r i a l  was 5 p e r  c e n t .  G i f f o r d  e t  a l . 
u s e d  5 p e r  c e n t ,  o f  t n e  a n h y d ro u s  s a l t  b u t  r e d u c e d  t h e  exposu  
t im e  t o  1C m i n u t e s  compared w i t h  24 h o u r s  a d o p t e d  by t h e  P u b l  
H e a l t h  L a b o r a t o r y  S e r v i c e .  These c h a n g es  m ig h t  a c c o u n t  f o r  
t h e  more f a v o u r a b l e  r e p o r t s  by t h e s e  w o r k e r s  on t r i s o d i u m  
p h o s p h a t e ;  i t  i s  s u r p r i s i n g  t h a t  t h e i r  c o n t a m i n a t i o n  r a t e s  
( t a b l e s  6 ,  7,  and 8) compare f a v o u r a b l y  w i t h  t h o s e  o b t a i n e d  
by t h e  P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e .
"b) Co m p a r i s o n s  be tw een  a c i d  met hods •
C o rp e r  and U yei  (1 9 3 0 )  compared o x a l i c  a c i d  w i t h  s u l o r u r i u  
a c i d . They found  ( t a b l e  9) t h a t  o x a l i c  a c i d  gave  s l i g h t l y  
b e t t e r  r e s u l t s  t h a n  s u l p h u r i c  a c i d  when u s e d  a t  h p e r  c e n t ,  
s t r e n g t h .  On t h i s  b a s i s  and f o r  r e a s o n s  o f  c o n v e n i e n c e  ( s e e  
p .  9 and p .  10  o f  t h i s  t h e s i s )  t h e y  recommended t h e  u s e  o f  
5 p e r  c e n t ,  o x a l i c  a c i d .
C o l l i n s  (1952)  compared  t n e  o x a l i c  a c i d  method w i t h  
a c i d - i r o n - p e r o x i d e • He found ( t a b l e  10 )  t h a t  t h e  a c i d - i r o n -  
p e r o x i d e  method  was i n f e r i o r  t o  t h e  o x a l i c  a c i d  m e th o d .  T n i s  
r e s u l t  i s  i n  k e e p i n g  w i t h  t h o s e  o f  t h e  P u b l i c  H e a l t h  L a b o r a t o r y  
S e r v i c e  i n  whose h a n d s  a c i d - i r o n - p e r o x i d e  was l e s s  e f f i c i e n t  
t h a n  s u l p h u r i c  a c i d  ( t a b l e  2 ) .
C o l l i n s  s t a t e s  t h a t  a number o f  h i s  L O w e n s t e i n - J e n s e n  
m e d ia  d e v e l o p e d  a d ee p  g r e e n  c o l o u r .  Hot a l l  of  t h e s e  me d i a  
were  c o n t a m i n a t e d ;  i n  some t h e  medium r e m a in e d  a c i d  a f t e r  
i n o c u l a t i o n  and r e m a in e d  s t e r i l e .  He s u g g e s t s  t n a t  r e s u l t s  
w i t h  a c i d  m e th o d s  m ig h t  be improved by n e u t r a l i s i n g  t h e  s e d i m e n t  
b e f o r e  i n o c u l a t i n g  t h e  m e d i a .  A s i m i l a r  phenomenon was 
r e p o r t e d  by  C o rp e r  and Cohn ( 1 9 3 3 a ) ;  t h e y  found ,Tt h a t  t h e  
s a l i n e  w a s h in g  d o e s  n o t  s u f f i c e  t o  remove t h e  a c i d  f rom t n e
t i s s u e  r e s i d u e  and t h a t  t h e  m a t e r i a l  when p l a n t e d  may s t i l l
r e g i s t e r  a low pH ( 2 - 4 ) ,  an a c i d i t y  w h ich  may p o s s i b l y  p e r s i s t
i n  t h e  p l a h t s d  sp ec im e n  f o r  some t i m e  a f t e r  i n c u b a t i o n  i-o
b e g u n . 1’ N e u t r a l i s a t i o n  was  n o t  a d o p te d  i n  t h e  s u l p h u r i c  a c i d  
method used by t h e  P u b l i c  H e a l t h  L a b o r a t o r y  H e r v i c e .
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Com p a r i s o n s be twe en  a l k a l i  me t h o d s  and a c i d  m e t h o d s *
Anderson  e t  a l . (1953)  c l a im e d  t n a t ,  b e c a u s e  t h e  cones  
t r a t i o n  o f  3 p e r  c e n t ,  h y d ro g e n  p e r o x i d e  recommended f o r  t h  
a c i d - i r o n - p e r o x i d e  method by  Jungmann (1 9 3 8 )  h a s  been  m i s ­
i n t e r p r e t e d ,  t h e  s t r e n g t h  o f  h y d ro g e n  p e r o x i d e  used  by tn e  
P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  i s  o n ly  o n e - t e n t h  o f  t h e  
c o r r e c t  s t r e n g t h .  They show t h a t ,  i f  t n e  method i s  c a r r i e  
o u t  a c c o r d i n g  t o  t h e i r  i n t e r p r e t a t i o n  o f  "3 p e r  c e n t ,  
h y d r o g e n  p e r o x i d e , ” l i q u e f a c t i o n  o f  sputum i s  c o m p le t e  i n  5 
m i n u t e s .  A l th o u g h  t n e y  do n o t  p r o v i d e  r e s u l t s  c o m p a r a b le  
t o  t h o s e  p r o v i d e d  by t n e  P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e ,  
t h e y  g iv e  r e s u l t s  of  a s m a l l  t r i a l  w i t h  110 s p e c im e n s  of  
spu tum  ( t a b l e  11)  w n ic n  " s u p p o r t  ou r  b e l i e f  t h a t  J u n g m an n f s 
o r i g i n a l  m ethod i s  l e a s t  n o t  i n f e r i o r  to  t h e  a l k a l i  method 
o f  d i g e s t i o n . "  B e t t e r  r e s u l t s  m i g h t  be e x p e c t e d  f rom t n e  
a c i d - i r o n - p e r o x i d e  method i f  t h e  t im e  o f  e x p o s u re  t o  t h i s  
a g e n t  were  r e d u c e d ;  t h e  h i g h e r  c o n c e n t r a t i o n  o f  h y d ro g e n  
p e r o x i d e  a d o p te d  by A nderson  e t  a l ♦ s h o r t e n s  t h e  p e r i o d  
r e q u i r e d  f o r  c o m p le te  h o m o g e n i s a t i o n .  A p a r t  from t h i s ,  
t h e  P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  (1 9 5 3 )  h a s  snown t h a t ,  
i n  c e r t a i n  c e n t r i f u g e s  w h ich  t e n d  t o  h e a t  when o p e r a t e d  f o r  
p r o l o n g e d  p e r i o d s ,  t h e y  o b t a i n e d  b e t t e r  r e s u l t s  w i t h  t h e  
a c i d - i r o n - p e r o x i d e  method by r e d u c i n g  t h e  p e r i o d  o f  c e n t r i ­
f u g a t i o n  t o  15 m i n u t e s  i n s t e a d  o f  t h e  30 m i n u t e s  a d o p t e d  fo  
t h e  1952 t r i a l  ( p .  13 o f  t h i s  t h e s i s ) .
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M a c f a r 1 an e e t  a l . (1955)  q om pg red t h e  s od i  urn h y d r  oxi de  
method i n  two s e r i e s  o f  s oecimene . I n  one s e r i e s  t n e  
s t r e n g t h  o f  h y d ro g en  p e r o x i d e  was t h a t  a d o p ted  by Anderson cf  a l .  
(1953)  a n d ,  i n  t h e  o t h e r ,  t h a t  a d o p te d  by t h e  P u b l i c  H e a l t h  
L a b o r a t o r y  S e r v i c e  f o r  t h e  1952 t r i a l .  The e f f e c t  o f  p r o ­
longed  c e n t r i f u g a t i o n  was a l s o  t a k e n  i n t o  a c c o u n t .  The b e s t  
r e s u l t s  w i t h  t n e  a c i d - i r o n - p e r o x i d e  m e tn o d s  w e re  o b t a i n e d  w i t h  
a c e n t r i f u g a t i o n  p e r i o d  o f  15 m i n u t e s  b u t  even  u n d e r  t h e s e  
c o n d i t i o n s  n e i t h e r  a c i d - i r o n - p e r o x i d e  method compared f a v o u r a b l y  
w i t h  t h e  sod ium  h y d r o x i d e  method ( t a b l e s  12 and 1 3 ) .
C o rn e r  and Uyei  (1927)  made a c o m p a r i s o n  be tw een  sodium 
h y d r o x i d e  and s u l p h u r i c  a c i d  i n  6 s p e c im e n s  o f  spu tum  known 
t o  c o n t a i n  a c i d - f a s t  b a c i l l i .  They c o n c lu d e d  t h a t  6 p e r  c e n t ,  
s u l p h u r i c  a c i d  was s u p e r i o r  t o  sodium h y d r o x i d e  and some of 
t h e  f i g u r e s  on w h ich  t h e y  b a s e  t h i s  c o n c l u s i o n  a r e  shown i n  
t a b l e  1 4 .  I n  1930  t n e y  s u g g e s t e d  t h a t  5 p e r  c e n t ,  o x a l i c  
a c i d  was s u p e r i o r  t o  6 p e r  c e n t ,  s u l p h u r i c  a c i d  ( s e e  t a b l e  9 
and p a g e s  9 and 10 o f  t h i s  t h e s i s ) .  These r e s u l t s  a r e  r a t h e r  
i n a d e q u a t e  b u t  i n  1933b C o rn e r  and Cohn c o n d u c te d  a t r i a l  w i t h  
s p e c im e n s  i n  w h ic h  m i c r o s c o p y  f a i l e d  t o  d e m o n s t r a t e  a c i d - f a s t  
b a c i l l i .  P r e s u m a b ly  t h e  r e a s o n  f o r  t h i s  t r i  a l  was t n a t  ». . i t  
i s  o u r  e x p e r i e n c e  . . . . .  t h a t  r e s u l t s  o b t a i n e d  w i t h  s t u d i e s  
p u r s u e d  w i t h  sputum p o s i t i v e  i n  m i c r o s c o p i c  sm ea rs  a r e  o f  no 
v a l u e  I n  s t u d y i n g  m e th o d s  f o r  i s o l a t i o n ,  o r  f o r  s t u d y i n g  t n e  
v a l u e  o f  n u t r i e n t s ,  f o r  s m a l l  numbers  o f  b a c i l l i . ” I n  t h i s  
t r i a l  two d i f f e r e n t  s e t s  o f  w o r k e r s  e a c h  s u c c e e d e d  i n  i s o l a t i n g  
t u b e r c l e  b a c i l l i  f rom a b o u t  50 p e r  c e n t ,  o f  t n e  s p e c i m e n s  by
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the  o x a l i c  ac id  method; combining tne  r e s u l t s  o f  both w c m e r s , 
the  p r o p o r t io n  o f  p o s i t i v e  r e s u l t s  r o s e  to  71 per c e n t .  Tne 
r e s u l t s  o b ta in e d  w i t h  the  sodium h y d r o x id e  method are not  
r e p o r te d  i n  d e t a i l  b eca u se  the  c o n ta m in a t io n  r a t e  w i t h  t h i s  
method was very  h ig h  (about  52 per c e n t ,  f o r  egg medium).
The work o f  Corper and h i s  c o l l e a g u e s  in  t h i s  f i e l d  d id  much 
to p o p u l a r i s e  a c id  methods o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  
from sputum; i t  must be emphasised t h a t  s c r u t i n y  of  t h e i r  work 
s u g g e s t s  t h a t  a c id  methods y i e l d e d  b e t t e r  r e s u l t s  b ecau se  t h e s e  
methods gave more s a t i s f a c t o r y  c o n t r o l  o f  c o n ta m in a t io n  and not  
b eca u se  a c i d s  are l e s s  l e t h a l  t o  t u b e r c l e  b a c i l l i  than a l k a l i *
In t h i s  c o n n e c t i o n  i t  w i l l  be seen  t h a t  a l a t e r  ( s e e  p .  10
o f  t h i s  t h e s i s )  method d e s c r i b e d  by Corper and S to n e r  (1546)  
recommends the  u se  o f  t r i s o d iu m  phosphate  - an a l k a l i n e  s a l t  -  
f o r  t h e  i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  and t h a t  t h i  s method f a i  Led
t o  g i v e  s a t i s f a c t o r y  c o n t r o l  o f  c o n ta m in a t io n  in  tne  hands of
M ullahy or  Byham ( s e e  p .  17 o f  t h i s  t h e s i s ;  t a b l e s  4 and 5)  
and t h a t  in  th e  1952 t r i a l  by the P u b l i c  H e a l th  Laboratory  
S e r v i c e  i t  gave t h e  h i g h e s t  co n ta m in a t io n  r a t e  o f  th e  four- 
methods t e s t e d  ( t a b l e  2 ) .  G-ernez-Rieux, s e v i n  and Che net  (1949 ) 
and Madsen (1 9 5 0 )  a l s o  compared sodium h y d r o x id e  and s u lp h u r ic  
a c i d .  Both found sodium h y d r o x id e  t n e  more e f f i c i e n t  ( t -a o le s  
15 and 16)  but Gernez-Rieux e t  a l . u sed  d i f f e r e n t  s e r i e s  o i  
sputum f o r  each  method.  Madsen does  not s e p a r a t e  spec im en s  
which are  p o s i t i v e  on m ic r o sc o p y  from t h o s e  which are n e g a t i v e ;  
t h e  d i f f e r e n c e  in  e f f i c i e n c y  between th e  two methods i s  not  
ve ry c o nvi n c i  ng •
In  t h e  o r i g i n a l  p a p e r  d e s c r i b i n g  t h e  u s e  o f  t r i s o d i u m  
p h o s p h a t e ,  C o rp e r  and S t o n e r  ( 1 9 4 6 )  compared  t h e  t r i s o d i u m  
p h o s p h a t e  m e thod  w i t h  t h e  o x a l i c  a c i d  m e thod  i n  18 s p e c i m e n s  
o f  spu tum  w h i c h  had  g i v e n  n e g a t i v e  r e s u l t s  by m i c r o s c o p y  and 
by g u i n e a  p i g  i n o c u l a t i o n .  The t r i s o d i u m  p h o s p h a t e  m ethod  
y i e l d e d  3 p o s i t i v e  r e s u l t s  w h e r e a s  t h e  o x a l i c  a c i d  m ethod  
f a i l e d  t o  y i e l d  any  ( t a b l e  1 7 ) .  In  t h i s  s m a l l  t r i a l ,  t h e  
s p e c i m e n s  w ere  e x p o s e d  t o  t h e  a c t i o n  o f  o x a l i c  a c i d  f o r  1 
h o u r .  T h i s  i s  i n  e x c e s s  o f  t h e  e x p o s u r e  t i m e  a d o p t e d  by  m os t  
l a b o r a t o r i e s  and d e s t r o y s  what  l i t t l e  s i g n i f i c a n c e  t h e s e  r e s u l t s  
may h a v e .  Van V rsu k e n  (1 9 4 7 )  a l s o  compared  t r i s o d i u m  p h o s p h a t e  
w i t h  o x a l i c  a c i d  and o b t a i n e d  s l i g h t l y  b e t t e r  r e s u l t s  w i t h  
t r i s o d i u m  p h o s p h a t e  ( t a b l e  1 8 ) .  B ec a u se  t h e  d i f f e r e n c e  i n  
f a v o u r  o f  t r i s o d i u m  p h o s p h a t e  i s  s m a l l  and b e c a u s e  a d i f f e r e n t  
s e r i e s  o f  s p e c im e n s  was u s e d  f o r  e a c h  m ethod  l i t t l e  s i g n i f i c a n c e  
c a n  be  a t t a c h e d  t o  t h e s e  r e s u l t s *  On t h e  o t h e r  h a n d  B e a t t i e  
( 1 9 4 9 )  f o u n d  h y d r o c h l o r i c  a c i d  s u p e r i o r  t o  t r i s o d i u m  p h o s p h a t e . 
The m a j o r i t y  o f  h e r  s p e c im e n s  w ere  p o s i t i v e  by  m i c r o s c o p y  and 
t h e r e f o r e  h e r  r e s u l t s  p r o b a b l y  m i n i m i s e  t h e  d i f f e r e n c e  b e t w e e n  
t h e  two m e th o d s  ( t a b l e  1 9 ) .
The f o l l o w i n g  c o n c l u s i o n s  can  be  made from t h e s e  
c o m p a r i s o n s  o f  t h e  r e s u l t s  o b t a i n e d  i n  t h e  t r i a l  c o n d u c t e d  by 
t h e  P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  and t h o s e  o b t a i n e d  by- 
o t h e r  w o r k e r s  who u se d  s e r i e s  o f  spu tum  s p e c i m e n s .
1 )  T h e re  i s  no e v i d e n c e  t h a t  any  m ethod  i s  more  e f f i c i e n t  t h a n  
t h e  sodium h y d r o x i d e  m e th o d .  T h i s  m ethod  s h o u l d  t h e r e f o r e  be
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used a s  a c o n t r o l  procedure i n  t r i a l s  o f  new m eth o d s .
2)  The o r i g i n a l  t r i s o d iu m  phosphate  method d e s c r i b e d  by 
Corper and S t o n e r  (1 9 4 6 )  may be m o d i f i e d  so  t n a t  i t  y i e l d s  
r e s u l t s  w h ich  compare fa v o u r a b ly  w i t h  t h o s e  obta ined  by tne  
sodium h y d r o x id e  method.  The t r i s o d iu m  p h osphate  method nas
a s p e c i a l  a p p l i c a t i o n  i n  spec im en s  c o l l e c t e d  from o u t - p a t i e n t s ;  
i t  y i e l d s  i t s  b e s t  r e s u l t s  when used as a t r a n s p o r t  medium f o r  
t h e s e  spec im ens  ( P e i z e r  e t  a l . 1954; S ta r k e y  and Aubert 1 9 5 0 ) .
3)  A c i d - i r o n - p e r o x i d e  methods do not compare fa v o u r a b ly  w i t h  t n e  
sodium h y d ro x id e  method or w i t h  o t h e r  a c id  m ethods-  Even tne  
r e s u l t s  o f  Anderson e t  a l . (1953)  who p r o p o se  f u r t h e r  l a r g e -  
s c a l e  t r i a l s  o f  th e  method s u g g e s t  t h a t  i t  i s  i n f e r i o r  to  txie 
sodium h y d r o x id e  method f o r  spec im ens  i n  whicn a c i d - f a s t  b a c i l l i  
cannot be dem onstrated  by m ic ro sco p y  ( t a b l e  1 1 ) .
4 )  In  th e  t r i a l  conducted by th e  P u b l i c  H ea l th  L aboratory  
S e r v i c e ,  f a i l u r e  to n e u t r a l i z e  homogenates  prepared by t n e  
s u l p h u r i c  a c id  method may have b i a s s e d  the  r e s u l t s  a g a i n s t  t h i s  
method but i t  i s  d i f f i c u l t  to  a s s e s s  how f a r  t h i s  a f f e c t e d  th e  
e f f i c i e n c y  o f  th e  method in  comparison w i t h  tne  o th e r  m e t h o d s .  
The l e t h a l  e f f e c t  o f  d e c o n ta m in a t in g  a g e nt s  on t u b e r c l e  b a c i l l i  . 
Q u a n t i t a t i v e  s t u d i e s . Corper and S to n e r  (1946)  compared
the l e t h a l  e f f e c t s  on t u b e r c l e  b a c i l l i  o f  s a l i n e ,  sodium h y d r o ­
x i d e ,  o x a l i c  a c id  and t r i s o d iu m  p h o sp h a te .  Aqueous s u s p e n s i o n s
-3  -6o f  t u b e r c l e  b a c i l l i  c o n t a i n i n g  1 ,  1 x  10 , and 1 x 1C mgm.
per m l .  o f  organisms were t r e a t e d  w i t h  each a g e n t .  The r e s u l t s
a r e  p r e s e n t e d  i n  t a b l e  2 0 and snow t h a t ,  i n  a s o l u t i o n  o f  
t r i s o d i u m  p h o s p h a t e  w i t h  a f i n a l  c o n c e n t r a t i o n  o f  5 p e r  c e n t ,  
o f  t h e  a n h y d r o u s  s a l t ,  t u b e r c l e  b a c i l l i  s u r v i v e  f o r  a l o n g e r  
p e r i o d  t h a n  t h e y  do  i n  s a l i n e .  F u r t h e r ,  u n d e r  t h e  c o n d i t i o n s  
a d o p t e d  f o r  t h i s  e x p e r i m e n t ,  e x p o s u r e  t o  sod ium h y d r o x i d e  o r  
o x a l i c  a c i d  f o r  p e r i o d s  l e s s  t h a n  2 h o u r s  h a s  a l e t h a l  e f f e c t  
on t u b e r c l e  b a c i l l i  and t e n d s  t o  d e l a y  t h e  a p p e a r a n c e  o f
m a c r o s c o p i c  g r o w th  f rom  t h e  o rg a n i sm s  w h ic h  s u r v i v e .  A 
s i m i l a r  e x p e r i m e n t  was c a r r i e d  ou t  by S p en d lo v e  e t  a l . (1 9 4 9 )  
i n  w h ic h  s u r v i  va l^as  a s s e s s e d  by v i a b l e  c o u n t s  made a t  i n t e r v a l s  
a f t e r  m i x i n g  a q u e o u s  s u s p e n s i o n s  o f  t u b e r c l e  b a c i l l i  w i t h  a 
number  o f  d i f f e r e n t  a g e n t s .  These  c o u n t s  were  compared  w i t h  
c o u n t s  o b t a i n e d  by m i x i n g  t h e  t e s t  s u s p e n s i o n s  w i t h  t h e i r  
r e s p e c t i v e  d e c o n t a m i n a t i n g  a g e n t s  n e u t r a l i s e d  b e f o r e  m i x i n g .
T a b le  21 shows t h e  r e s u l t s  o b t a i n e d  w i t h  t r i s o d i u m  p h o s p h a t e ,  
sod ium  h y d r o x i d e  and s u l p h u r i c  a c i d .  T h e re  i s  l i t t l e  d i f f e r e n c e  
i n  t h e  l e t h a l  e f f e c t s  o f  t h e s e  a g e n t s  a f t e r  40 m i n u t e s ;  a f t e r  
t h i s  t i m e  t h e r e  i s  l i t t l e  i n c r e a s e  i n  t h e  number o f  o rg a n i sm s  
k i l l e d  by  t r i s o d i u m  p h o s p h a t e  w h e r e a s  t h e  number o f  v i a b l e  
o rg a n i sm s  c o n t i n u e s  t o  d i m i n i s h  r a p i d l y  i n  t h e  m i x t u r e  c o n t a i n ­
i n g  sod ium  h y d r o x i d e  and e v e n  more r a p i d l y  i n  t h e  m i x t u r e  c o n ­
t a i n i n g  s u l p h u r i c  a c i d .  A l t h o u g h  t h e s e  r e s u l t s  a r e  s i m i l a r  
t o  t h o s e  o f  c o r p e r  and S t o n e r  ( t a b l e  2 0 ) ,  t h e  m e thod  a d o p t e d  
by S p e n d lo v e  e t  a l .  r e v e a l s  t h a t  t r i s o d i u m  p h o s p h a t e  d o e s  have
a l e t h a l  e f f e c t  on t u b e r c l e  b a c i l l i .  S p e n d lo v e  e t  a l • a l s o  
compared  t h e  l e t h a l  e f f e c t s  o f  d e c o n t a m i n a t i n g  agen ts  on 
t u b e r c l e  b a c i l l i  i n  s p u tu m .  Ten s p e c im e n s  o f  spu tum  were
p o o l e d  and t h o r o u g h l y  m ixed ;  a l i q u o t s  o f  t h e  m i x t u r e  w ere  
t h e n  e x p o s e d  t o  t h e  a c t i o n  o f  d e c o n t a m i n a t i n g  a g e n t s  and 
v i a b l e  c o u n t s  were  made a t  i n t e r v a l s .  The r e s u l t s  f o r  sodium 
h y d r o x i d e ,  t r i s o d i u m  p h o s p h a t e ,  o x a l i c  a c i d  and s u l p h u r i c  a c i d  
a r e  p r e s e n t e d  i n  t a b l e  2 2 .  B ecause  t h e  numbers  o f  t u b e r c l e  
b a c i l l i  w h ic h  s u r v i v e d  th e  f i r s t  p e r i o d s  o f  t r e a t m e n t  were  t o o  
g r e a t  t o  be  c o u n t e d  by t h e  m ethod  u s e d ,  no d i f f e r e n c e  i n  t h e  
l e t h a l  a c t i o n  o f  t h e s e  a g e n t s  was o b s e r v e d  i n  an e x p o s u r e  t i m e  
o f  l e s s  t h a n  2 h o u r s .  Again  t h e  t u b e r c l e  b a c i l l i  s u r v i v e d  
l o n g e s t  i n  t r i s o d i u m  p h o s p h a t e ,  and l o n g e r  i n  sod ium  h y d r o x i d e  
t h a n  i n  a c i d .
Gray e t  a l • (1 9 5 4 )  a l s o . u s e d  a v i a b l e  c o u n t i n g  
p r o c e d u r e  t o  e s t i m a t e  t h e  l e t h a l  e f f e c t  on t u b e r c l e  b a c i l l i  
o f  p r o c e d u r e s  u se d  i n  t h e  r o u t i n e  i s o l a t i o n  o f  t h e s e  o r g a n i s m s .
I n  a t e s t  w i t h  a s u s p e n s i o n  o f  t u b e r c l e  b a c i l l i  i n  a lb u m in  w a t e r ,  
more o r g a n i s m s  s u r v i v e d  a f t e r  t r e a t m e n t  w i t h  sod ium  h y d r o x i d e  
o r  t r i s o d i u m  p h o s p h a t e  t h a n  a f t e r  t r e a t m e n t  w i t h  s u l p h u r i c  a c i d ,  
o x a l i c  a c i d  o r  a c i d - i r o n - p e r o x i d e  ( t a b l e  2 3 ) .  These  r e s u l t s  
a l s o  show t h a t  t r i s o d i u m  p h o s p h a t e  h a s  a l e t h a l  e f f e c t  on 
t u b e r c l e  b a c i l l i ;  t h i s  i s  i n  a g r e e m e n t  w i t h  t h e  r e s u l t s  o f  
S p e n d lo v e  e t  a l . ( t a b l e  2 1 ) .  Gray  e t  a l . a l s o  showed t h a t  
t h e s e  d e c o n t a m i n a t i n g  a g e n t s  h ad  a s i m i l a r  l e t h a l  e f f e c t  on
t u b e r c l e  b a c i l l i  s u s p e n d e d  i n  p u r u l e n t ,  n o n - t u b e r c u l o u s  
spu tum  ( t a b l e  24)  and t h a t  t h e  numbers  o f  o r g a n i sm s  w h ic h  
c o u l d  b e  i s o l a t e d  f rom t u b e r c u l o u s  spu tum  w ere  g r e a t e r  a f t e r  
a l k a l i  t r e a t m e n t  t h a n  a f t e r  a c i d  t r e a t m e n t  ( t a b l e  2 5 ) .  The 
d e g r e e  o f  t h e  l e t h a l  e f f e c t  r e p o r t e d  by  Gray e t  a l . i s  g r e a t e r  
t h a n  t h a t  r e p o r t e d  by S p e n d lo v e  e t  a l . A l t h o u g h  Gray e t  a l . 
made few o b s e r v a t i o n s  w i t h  a l l  t h e  d e c o n t a m i n a t i n g  a g e n t s ,  
t h e y  c o n f i r m e d  t h e  d e g r e e  o f  l e t h a l  e f f e c t  o f  sodium h y d r o x i d e  
by r e p e a t e d  s t u d i e s  on s u s p e n s i o n s  o f  d i f f e r e n t  s t r a i n s  o f  
t u b e r c l e  b a c i l l i  i n  a lb u m in  w a t e r ;  t h e  number  o f  o rg a n i sm s  
w h ic h  s u r v i v e d  was a lw ay s  l e s s  t h a n  20  p e r  c e n t ,  o f  t h e  t o t a l  
number e x p o s e d .  G lo v e r  (1 9 5 2 )  and Y eg ian  and Budd (1 9 5 2 )  
a l s o  found  t h a t  sodium h y d r o x i d e  k i l l e d  a v e r y  h i g h  p r o p o r t i o n  
o f  t u b e r c l e  b a c i l l i  i n  a q u e o u s  s u s p e n s i o n s .
The f a c t  t h a t  sodium h y d r o x i d e  i s  l e s s  l e t h a l  t o  t u b e r c l e  
b a c i l l i  t h a n  a c i d  ( S p e n d lo v e  e t  a l . ,  p .  25 o f  t h i s  t h e s i s ;
Gray e t  a l . ,  p .  26 o f  t h i s  t h e s i s ) #  a g r e e s  w e l l  w i t h  t h e  r e s u l t s  
o f  t h e  P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  t r i a l  w h i c h  d e m o n s t r a t e d  
t h a t  sod ium  h y d r o x i d e  i s  s u p e r i o r  t o  s u l p h u r i c  a c i d  f o r  t h e  
i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  f ro m  s p u tu m .  T r i s o d i u m  p h o s p h a t e ,  
h o w e v e r ,  i s  l e s s  l e t h a l  t o  t u b e r c l e  b a c i l l i  t h a n  s u l p h u r i c  
a c i d  ( S p e n d lo v e  e t  a l . ;  Gray  e t  a l . ) o r  o x a l i c  a c i d  ( C o r p e r  
and  S t o n e r ,  p .  24 o f  t h i s  t h e s i s ;  S p e n d lo v e  e t  a l *; Gray 
e t  a l . )  b u t ,  i n  t h e  h a n d s  o f  t h e  p u b l i c  H e a l t h  L a b o r a t o r y  
S e r v i c e ,  s u l p h u r i c  a c i d  i s  s i g n i f i c a n t l y  more  e f f i c i e n t  t h a n
t r i s o d i u m  p h o s p h a t e  f o r  t h e  i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  
f rom sputum  ( s e e  p .  14 o f  t h i s  t h e s i s ) .  S p e n d lo v e  e t  a l . 
and Gray e t  a l . m a i n t a i n  t h a t  t h e  t o x i c  e f f e c t s  o f  d e c o n t a m ­
i n a t i n g  a g e n t s  a r e  n o t  m i n i m i s e d  by s p u tu m .  Gray e t  a l . 
show t h a t  t h e  e f f e c t  o f  d e c o n t a m i n a t i n g  a g e n t s  on t u b e r c l e  
b a c i l l i  s u s p e n d e d  i n  p u r u l e n t  n o n - t u b e r c u l o u s  spu tum  i s  t h e  
same a s  t h a t  on t u b e r c l e  b a c i l l i  i n  a q u e o u s  s u s p e n s i o n .
I t  m us t  be  e m p h a s i z e d ,  h o w e v e r ,  t h a t  n e i t h e r  s p e n d lo v e  e t  a l . 
n o r  Gray  e t  a l . p r e s e n t  f i g u r e s  show ing  i n  a b s o l u t e  t e r m s  t n e  
l e t h a l  e f f e c t  o f  d e c o n t a m i n a t i n g  a g e n t s  on t h e  t u b e r c l e  b a c i l l i  
c o n t a i n e d  i n  spu tum  e x p e c t o r a t e d  by t u b e r c u l o u s  p a t i e n t s .  
G r i f f i t h  (1 9 1 6 )  showed t h a t  " t h i c k "  spu tum  p r o t e c t e d  t u b e r c l e  
b a c i l l i  f rom t h e  l e t h a l  e f f e c t  o f  a n t i f o r m i n  and Y eg ian  and 
Budd (1952 ) made a  s i m i l a r  o b s e r v a t i o n  on t h e  l e t h a l  e f f e c t  
o f  sod ium  h y d r o x i d e ;  Yegian and Budd,  h o w e v e r ,  e x p r e s s  t h e  
o p i n i o n  t h a t  t h e  p r o t e c t i v e  e f f e c t  o f  spu tum  i s  u n l i k e l y  t o  
o p e r a t e  i n  s p e c im e n s  c o n t a i n i n g  v e r y  s m a l l  numbers  o f  t u b e r c l e  
b a c i l l i .
S p e n d lo v e  e t  a l . c o n s i d e r  t h a t  t h e  d i f f e r e n c e  i n  t h e  
r e s u l t s  y i e l d e d  b y  q u a n t i t a t i v e  s t u d i e s  and by  s t u d i e s  b a s e d  
on s e r i e s  o f  s p e c i m e n s  o f  sputum may be  e x p l a i n e d  by  f a c t o r s  
w h ic h  q u a n t i t a t i v e  m e th o d s  do n o t  a s s e s s ;  f o r  e x a m p le ,  
a l t h o u g h  a c i d  i s  more l e t h a l  t o  t u b e r c l e  b a c i l l i  t h a n  a l k a l i ,  
c e n t r i f u g a t i o n  may c o n c e n t r a t e  t u b e r c l e  b a c i l l i  f rom  an  a c i d -  
hom ogena te  o f  spu tum  more e f f i c i e n t l y  t h a n  f rom an a l k a l i -  
h o m o g e n a te .  T h is  e x p l a n a t i o n ,  h o w e v e r ,  t h r o w s  l i t t l e  l i g h t
sy
on th e  p e c u l i a r  problems co n c er n in g  tn e  performance o f  t r i -  
sodium p h o sp h a te .  In q u a n t i t a t i v e  s t u d i e s  i t  compar es  f a v o u r ­
a b ly  w i t h  sodium h yd ro x id e  bu t  th e  P u b l i c  H e a l t h  L a b o r a t o r y  
S e r v i c e  ( p .  -14 o f  t h i s  t h e s i s ) ,  M ullahy ( p .  17 o f  t n i s  t u e s i s )  
and Byham ( p .  17 o f  t n i s  t h e s i s )  found i t  i n f e r i o r  t o  sodium  
h y d r o x i d e .  The most prom is ing  r e s u l t s  w i t h  t r i s o d iu m  p h o s p h a t e  
were o b ta in ed  by Starkey  and Aubert ( p .  17 o f  t h i s  t h e s i s )  and 
by P e i z e r  e t  a l .  {p .  18 o f  t h i s  t h e s i s ) ;  t h e s e  workers  used  
a lo w er  c o n c e n t r a t i o n  o f  t r i s o d iu m  p h osphate  t u a n  that- recomm­
ended by Corper and S to n e r  (p .  24 o f  t h i s  t h e s i s ) .  G i f f o r d
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e t  a l . ( p .  18 o f  t n i s  t h e s i s )  a l s o  o b ta in e d  good r e s u l t s  w;ith 
t r i s o d i u m  phosphate;  th e y  used  a much s h o r t e r  t ime o f  exposure  
t o  t r i s o d iu m  phosphate  than th a t  recommended by Corper and 
S t o n e r .
The f o l l o w i n g  c o n c l u s i o n s  are reached  by comparing q u a n t ­
i t a t i v e  s t u d i e s  w i t h  s t u d i e s  conducted w i t h  s e r i e s  o f  sputum 
spec im ens:  ( 1 )  C o n t r a d i c t i o n s  between th e  r e s u l t s  y i e l d e d  by
th e  two methods are d i f f i c u l t  t o  e x p l a i n  s a t i s f a c t o r i l y ;  ( 2 )  
p r o m is in g  r e s u l t s  o b ta in ed  i n  q u a n t i t a t i v e ,  s t u d i e s  r e q u i r e  t o  
be v e r i f i e d  by s t u d i e s  w i t h  sputum s p e c im e n s .  This  c o n c l u s i o n  
i s  t n e  o p p o s i t e  o f  t h a t  made by Corper and Cohn (1933a) who suggest-  
th a t  " o b s e r v a t i o n s  w i th  r o u t i n e  sputa" are ?T of  l i t t l e  v a lu e  for  
comparison o f  methods or media u n l e s s  v e r i f i e d  by a c c u r a t e  
q u a n t i t a t i v e  s t u d i e s . "  (3 )  There a r e  no a b s o l u t e  q u a n t i t a t i v e  
r e s u l t s  c o n c e r n in g  th e  a c t i o n  o f  d e c o n ta m in a t in g  a g e n t s  on 
t u b e r c l e  b a c i l l i  e x p e c t o r a te d  by t u b e r c u lo u s  P a t i e n t s .
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The i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  f rom spu tum  by
means o f  T e e p o l
Brow ning  e t  a l . ( 1 9 5 3 )  d e s c r i b e d  a s i m p l e  m ethod  o f  
i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom sputum by t r e a t i n g  t h e  spu tum  
w i t h  an  e q u a l  volume o f  T e e p o l  -  a p r o p r i e t a r y  f l u i d  c o n t a i n ­
i n g  20  t o  22 p e r  c e n t ,  o f  sod ium  s e c o n d a r y  a l k y l  s u l p h a t e s .
A f t e r  a l a p s e  o f  6 o r  24 h o u r s ,  a few l o o p f u l s  o f  t h e  m i x t u r e  
w ere  s p r e a d  on L f t w e n s t e i n - J e n s e n  medium. T h e i r  r e s u l t s  a r e  
shown i n  t a b l e  26;  t h e  method i s  v e r y  s i m i l a r  t o  t h a t  
p r o p o s e d  by G r i f f i t h  (1 9 1 4 )  f o r  a n t i f ' o r m i n .  The m ethod  i s  
c l e a r l y  v e r y  s a t i s f a c t o r y  f o r  s p e c i m e n s  known t o  c o n t a i n  a c i d -  
f a s t  b a c i l l i ;  l a c k  o f  c o m p a r i so n  w i t h  o t h e r  m e th o d s  p r e v e n t s  
any judgem en t  o f  t h e  e f f i c i e n c y  o f  t h e  method  f o r  s p e c i m e n s  i n  
w h ic h  t u b e r c l e  b a c i l l i  c a n n o t  be  d e m o n s t r a t e d  by m i c r o s c o p y .  
T i s o n  and Loze ( 1 9 5 4 )  compared  t h e  e f f i c i e n c y  o f  T e ep o l  w i t h  
t h a t  o f  T i s o n ! s (1 9 5 3 )  m o d i f i c a t i o n  o f  t h e  sod ium  h y d r o x i d e  
m e th o d .  The T e e p o l  m ethod  u s e d  b y  T i s o n  and Loze d i f f e r e d  f rom 
t h a t  o f  B row ning  e t  a l . ;  t h e  h o m ogena te  was d i l u t e d  w i t h  
d i s t i l l e d  w a t e r  and c e n t r i f u g e d  and t h e  d e p o s i t  was  w ashed  w i t h  
d i s t i l l e d  w a t e r  by a f u r t h e r  p e r i o d  o f  c e n t r i f u g a t i o n .  Each  
o f  f i f t y - f i v e  s p e c im e n s  o f  sputum w ere  d i v i d e d  i n t o  e q u a l  p a r t s  
and one p a r t  was a s s i g n e d  t o  e a c h  m ethod ;  4 L o w e n s t e i n - J e n s e n
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s l o p e s  were i n o c u l a t e d  by each m ethod.  The r e s u l t s  ( t a b l e  27)  
are  e x p res sed  in  terms of  th e  number of  s l o p e s  p o s i t i v e  by 
each method.  The p r o p o r t io n  o f  spec im ens  i n i  oh were p o s i t i v e  
by m ic r o sc o p y  b e fo r e  c u l t u r e  i s  not  s t a t e d .  The r e s u l t s  
s u g g e s t  th a t  th e  T eepo l  method i s  s l i g h t l y  l e s s  e f f i c i e n t  tnan  
t h e  sodium h y d ro x id e  method.
T ison  (1954)  d e s c r i b e d  the u s e  o f  T ee po l  combined w i t h  
sodium h y d rox id e#  Sputum i s  t r e a t e d  w i t h  a s o l u t i o n  c o n t a i n i n g  
25 per  c e n t .  Teepol  and 1 per c e n t ,  sodium h y d r o x id e .  compar ­
i s o n  of  t h i s  method w i t h  the sodium h y d r o x id e  method snowed 
t h a t  i t  was s u p e r io r  t o  th e  sodium h y d ro x id e  method ( t a b l e  2 d ) .  
It- i s  d i f f i c u l t  t o  judge the d e g r e e  of  s u p e r i o r i t y  because  t n e  
r e s u l t s  are  e x p r e s s e d  in  terms o f  th e  number o f  s l o p e s  of  medium 
y i e l d i n g  c u l t u r e s  o f  t u b e r c l e  b a c i l l i  and not in  terms o f  
specim ens  or p a t i e n t s .  A s i m i l a r  comparison made oy T ison  and 
Audrin (1 9 5 5 )  showed t h a t  t h e  sodium h y d r o x i d e - t e e p o l  metnod 
was s u p e r i o r  to  th e  sodium h y d ro x id e  method.  The r e s u l t s  are  
p r e s e n t e d  in  t a b l e  29; the f i g u r e s  r e f e r  to  s p e c im e n s .
Qua t e r n a r y  Ammonium Compounds.
Saxholm (1954)  d e s c r i b e d  th e  i s o l a t i o n  o f  t u b e r c l e  
b a c i l l i  from sputum by d i g e s t i n g  th e  sputum w i t h  a m ix tu re  
c o n t a i n i n g  1 per c e n t ,  pan crea t ic ,  and 1 per  c e n t .  Desogen  
-  a p r o p r i e t a r y  q u a te rn a ry  ammonium compound m anufactured  
by G e ig y .  The homogenate was i n o c u l a t e d  on L S w e n s te in -  
Jensen medium w i t h o u t  c o n c e n t r a t i o n  by c e n t r i f u g a t i o n .  he
compared t h i s  method w i th  t h e  sodium h yd ro x id e  method and 
found t h a t  t r e a tm e n t  w i t h  p a n c r e a t in - d e s o g e n  method t o r  4 
or fo r  24 hours was more e f f i c i e n t  than tre a tm e n t  w i t h  sodium  
h y d r o x id e  ( t a b l e s  30  and 3 1 ) .  l a t e r  (1955)  he made f u r t h e r  
comparisons  between the  two m ethods .  R e s u l t s  o b ta in e d  w i t h  
th e  p a n c r e a t in - d e s o g e n  method w ere  a p p r o x im a te ly  th e  same as 
t h o s e  o b ta in e d  w i t h  the sodium h y d r o x id e  method ( t a b l e  3 2 ) .  
Because  the  c o n ta m in a t io n  r a t e  was h ig h  he i n c r e a s e d  t h e  concen­
t r a t i o n  o f  Desogen in  th e  p a n c r e a t i n - d e s o g e n  m ix tu r e  to  1 . 5  
per  c e n t .  Table 33 shows t h a t  tn e  i n c r e a s e d  c o n c e n t r a t i o n  o f  
Desogen reduced th e  co n ta m in a t io n  r a t e  t o  a s a t i s f a c t o r i l y  low 
l e v e l  w i t h o u t  im p a ir in g  th e  e f f i c i e n c y  of th e  method f o r  
i s o l a t i n g  t u b e r c l e  b a c i l l i *
H ir sc h  ( 1 9 5 4 )  s u g g e s te d  tn e  u se  o f  Zeph iran ,  a p r o p r i e t a r y  
brand o f  th e  quaternary  ammonium compound benzalkonium c h l o r i d e  
f o r  th e  i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  b e c a u s e ,  a l th o u g h  a 
c o n c e n t r a t i o n  o f  0 .002  per  c e n t ,  -of Zephiran had a b a c t e r i o s t ­
a t i c  e f f e c t  on t u b e r c l e  b a c i l l i ,  c o n c e n t r a t i o n s  up to  0 .0 5  per 
c e n t ,  had no b a c t e r i c i d a l  e f f e c t  on t u b e r c l e  b a c i l l i  but nad a 
marked b a c t e r i c i d a l  e f f e c t  on o t h e r  m ic r o -o r g a n i s m s .  Saxnolm 
(1955)  p u b l i sh e d  a comparison o f  a p a n c r e a t i n - z e p h i r a n  method 
w it h  h i s  p a n c r e a t i n - d e s o g e n  method and the sodium h y d r o x id e  
method.  He found t h a t  th e  p a n c r e a t i n - z e p h i r a n  method gave  
p o o r er  r e s u l t s  than th e  p a n c r e a t in - d e s o g e n  method or tne sod ium  
h yd rox id e  method, ( t a b l e  5 4 ) .  The c o n c e n t r a t i o n  o f  b e n z a lk o n -
ium c h l o r i d e  in  t n e  m ix tu re  (1 per c e n t . )  might  be exp ected  
from t h e  r e s u l t s  o f  H ir sc h  t o  nave a l e t h a l  e f f e c t  on tube .ru le
baci  H i  •
The on ly  o tn er  o b s e r v a t i o n s  on tne  e f f i c i e n c y  o f  tne  panoreai ic~ 
desogen  method are t h o s e  o f  Lind (1 9 5 6 )  who found t h e  sodium n y o r -  
o x id e  method b e t t e r  than t h e  p a n c r e a t in - d e s o g e n  m ethod .  Table 15 
snows t h a t  t h i s  d i f f e r e n c e  i s  s m a l l  d e s p i t e ' t h e  v e ry  n i g h  contam­
inat ion .  r a t e  w i t h  th e  p a n c r e a t in - d e s o g e n  m eth od .
N e i t h e r  Saxholm nor Lind g i v e  adequate  f i g u r e s  c o n c e rn in g  tn e  
e f f i c i e n c y  o f  tne p a n c r e a t i n - d e s o g e n  method fo r  spec im ens  n e g a t i v e  
f o r  a c i d - f a s t  b a c i l l i  by m ic r o sc o p y .  I t  would t n e r e f o r e  be un­
w i s e  to  adopt t h e s e  methods fo r  r o u t i n e  use u p l e s s  r e s u l t s  w i t h  
spec im ens  n e g a t i v e  f o r  a c i d - f a s t  b a c i l l i  by m ic ro sco p y  snow t n u t  
the method compares f a v o u r a b ly  w ith  tn e  sodium h y d r o x id e  method.
P a t t e r s o n  e t  a l » (1956)  recommend tn e  u se  o f  a combinat ion  of  
t r i so d iu m  phosphate w i t h  Zepniran f o r  the  i s o l a t i o n  of  t u b e r c l e  
b a c i l l i  from sputum. Sputum was mixed w i t h  an equal  volume of  
10 per c e n t ,  t r i s o d iu m  phosphate  s o l u t i o n  c o n t a i n i n g  0*1 per c e n t .  
Z ephiran .  A f t e r  15 m in u te s  th e  homogenate was c e n t r i f u g e d  and 
the  d e p o s i t  washed by r e s u s p e n s io n  i n  48 m l .  o f  s t e r i l e  s a l i n e  
and r eco v ered  for  c u l t u r e  by a second p e r io d  o f  c e n t r i f u g a t i o n .
This  method was compared w i t h  th e  sodium h yd ro x id e  method and w i t h  
the  t r i s o d iu m  phosphate method.  Tne r e s u l t s  ( t a b l e s  56 and } 
showed t h a t  t h i s  method was more e f f i c i e n t  than e i t h e r  th e  sodium  
hyd rox id e  method or t h e  t r i s o d iu m  phosphate  method.  Cnee again  
tn e r e  i s  i n s u f f i c i e n t  in fo r m a t io n  c o n c e r n in g  tne  e f f i c i e n c y  o f  
the  metnod o f  P a t t e r s o n  e t  a l . f o r  spec im ens  jshown to c o n t a in  
few t u b e r c l e  b a c i l l i .
th e  growth o f  t u b e r c l e  b a c i l l i  have been u sed  s i n c e  tne  t i n e  
o f  Koch, Pryce  (1 9 4 1 )  was the f i r s t  to  s u g g e s t  t h a t  such met. 
might be a p p l i e d  in  r o u t i n e  c u l t u r e s  from spe c im en s  of sputa  
The main advantage  o f  m i c r o - c u l t u r e  methods i s  t h a t  fTa s i n g i  
clump o f  a c i d - f a s t  b a c i l l i  t h a t  would be found on ly  by 
l a b o r i o u s  s e a r c h  o f  a s t a i n e d  f i l m  i s  th e r e b y  c o n v e r ted  in  h 
few days  i n t o  a co lony  t h a t  can r e a d i l y  be i d e n t i f i e d  w i t h  
t h e  2 / 3  in c h  o b j e c t i v e . 11 f f n i t b y  and Hynes,  1 9 5 6 ) .  i n  mo- 
o f  th e  methods d e s c r i b e d ,  sputum i s  smeared on a s l i d e ,  th e  
s l i d e  i s  decontam inated  w i t h  s u l p h u r i c  a c i d ,  washed and in c h  
in  f l u i d  medium. R e s u l t s  may be a v a i l a b l e  i n  2 t o  a days  
and t h e r e  i s  no advantage  in  p r o l o n g i n g  t h e  in c u b a t i o n  
beyond 14 days  ( simjpson and Heed, 1955 ) .  With spec im ens  in. 
which a c i d - f a s t  b a c i l l i  could not be demonstrated by m icro sc  
Ceding (1 9 5 1 )  and H e s s e lb e r g  and Oeding (1 9 5 2 )  found t h a t  
m i c r o - c u l t u r e  y i e l d e d  few er  p o s i t i v e  r e s u l t s  than tne sodium  
h y d ro x id e  method ( t a b l e s  38 and 3 9 ) ;  on t h e  o t h e r  hand, 
m i c r o - c u l t u r e  gave very  good r e s u l t s  w i t h  spec im ens  known t o  
c o n ta in  a c i d - f a s t  b a c i l l i .
B e r r y  and Lowry ( 1 9 5 0 )  a l s o  p r o v i d e  f i g u r e s  w h ic h  a p p e a r  t o  
c o n f i r m  t h o s e  o f  Ced ing  and t h o s e  o f  H e s s e l b e r g  and Oeding  
( t a b l e  40)»  N e v e r t h e l e s s  B e r r y  and Lowry " b e l i e v e  t h a t  t h e  
s l i d e - c u l t u r e  m ethod  i s  more e f f i c i e n t  t h a n  t h e  f i g u r e s  shown 
. . .  would  seem t o  i n d i c a t e  f o r  t h e  f o l l o w i n g  r e a s o n s :
( 1 )  The number  o f  sp e c im e n s  l o s t  by c o n t a m i n a t i o n  was n i g h  i n  
e a c h  m e th o d ,  9 p e r  c e n t ,  f o r  s l i d e  c u l t u r e  and 12 p e r  c e n t ,  f o r  
r o u t i n e  c u l t u r e .  How-ever, a p p a r e n t l y  by  c h a n c e ,  a g r e a t e r  
number o f  p o s i t i v e  s p e c i m e n s  w ere  c o n t a m i n a t e d  i n  t h e  s l i d e  
c u l t u r e  t h a n  on r o u t i n e  c u l t u r e ,  ( 2 )  d u r i n g  t n e  f i r s t  h a l f  o f  
t h e  s u r v e y  we l o s t  8 p e r  c e n t ,  o f  t h e  f i l m s  f rom  t h e  s l i d e s  . . . .
B e c au se  t h e  p ro b le m  o f  l o s i n g  f i l m s  h a s  b e e n  l a r g e l y  s o l v e d ,  
and s i n c e  t h e  c o n t a m i n a t i o n  r a t e  w i t h  t h i s  m ethod  u n d e r  n o rm a l  
c o n d i t i o n s  a v e r a g e s  l e s s  t h a n  3 p e r  c e n t - . ,  we b e l i e v e  t h a t  i t  
i s  j u s t i f i a b l e  t o  p r e s e n t  t h e  s u r v e y  f i g u r e s  w i t h  t e c h n i c a l l y  
u n s a t i s f a c t o r y  s p e c im e n s  e x c l u d e d  . . . . . . . .  The s l i d e  c u l t u r e
was p o s i t i v e  i n  82 p e r  c e n t .  S i m i l a r  c o n s i d e r a t i o n  o f  t h e  
r o u t i n e  m eth o d  w ou ld  b r i n g  t h e  p e r c e n t a g e  o f  p o s i t i v e  c u l t u r e s  
t o  84 p e r  c e n t . "  They a d m i t  t h a t  " t h e  amount  o f  work i n v o l v e d  
i n  t h e  s l i d e  c u l t u r e  method was u n d o u b t e d l y  g r e a t e r  t h a n  t h a t  
r e q u i r e d  by t h e  r o u t i n e  m e t h o d s ,  n o t  b e c a u s e  t h e  a c t u a l  p r e p a r ­
a t i o n  o f  t h e  c u l t u r e s  f o r  i n c u b a t i o n  was more t i m e - c o n s u m i n g ,  
b u t  b e c a u s e  o f  t h e  t i m e  r e q u i r e d  t o  exam ine  t h e  s l i d e s . "  On 
t h e  o t h e r  hand r e s u l t s  w ere  o b t a i n e d  s o o n e r  w i t h  t h e  s l i d e -  
c u l t u r e  method:  "The a v e r a g e  t im e  f o r  r o u t i n e  c u l t u r e s  was
3 7 . 4  d a y s .  As a m a t t e r  o f  f a c t ,  a l m o s t  20 p e r  c e n t ,  o f  t h e
f - j O
p o s i t i v e  r o u t i n e  c u l t u r e s  showed growth o n l y  a l t e r  o weems or 
more o f  i n c u b a t i o n .  The average  t i m e  o f  i n c u b a t i o n  f o r  tn e  
p o s i t i v e  s l i d e  c u l t u r e s  was t h r e e  and o n e - h a l f  dciys . . . .  Even 
i f  i t  proves t h a t ,  under i d e a l  c o n d i t i o n s  th e  s l i d e  c u l t u r e  
method i s  n o t  as s e n s i t i v e  as c u l t u r e  on s o l i d  medium, many 
s l i d e  c u l t u r e s  from r e p e a t e d  spec im ens  can be completed  w n i l e  
one r o u t i n e  c u l t u r e  i s  b e in g  in c u b a te d ."
Simpson and Heed (1955)  e v o l v e d  an apparatus  f o r  t h e  
rapid  d e c o n ta m in a t io n  o f  s l i d e - c u l t u r e  spec im ens;  p r e p a r a t io n s  
from 10 spec im ens  can be decontam inated  s i m u l t a n e o u s l y  w i t h o u t  
r i s k  of  t r a n s f e r r i n g  t u b e r c l e  b a c i l l i  from one specimen t o  
a n o t h e r .  They were  a b le  to  apply  tn e  s l i d e - c u l t u r e  method to  
a l a r g e  s e r i e s  o f  r o u t i n e  spec im ens;  as a c o n t r o l  procedure  
th ey  t r e a t e d  p a r t  o f  each  specimen w i th  a s o l u t i o n  o f  20 p e r  
c e n t ,  t r i s o d iu m  p h o sp h a te .  T h e ir  r e s u l t s  are  p r e s e n te d  in  
t a b l e  4 1 .  D e s p i t e  the  f a c t  t h a t  t h e y  chose  a c o n t r o l  p r o c e d u r e  
which f a i l e d  t o  y i e l d  s a t i s f a c t o r y  r e s u l t s  i n  the  hands o f  o th e r  
workers ( P u b l i c  H ea l th  Laboratory  S e r v i c e  1952;  m u lla h y ,  I t -5c;  
Byham, 1950)  t h e i r  r e s u l t s  s u g g e s t  t h a t  s l i d e - c u l t u r e  may be 
a p p l ie d  w i t h  davantage  in  r o u t i n e  work w i t h  sp e c im en s  n e g a t i v e  
by m ic r o s c o p y .  I t  must be em phasised ,  however ,  t h a t  th e  
spec im ens  were homogenised in  a p a in t  c o n d i t i o n e r  b e f o r e  c u l t u r e  
and t h a t  t h i s  p ro ced u re  and t n e  n e c e s s i t y  fo r  m i c r o s c o p i c  
exam inat ion  a f t e r  c u l t u r e  make heavy demands on the  t im e  oi tne  
o p e r a t o r .  The o b s e r v a t i o n s  made by Simpson and Heed nave ueen 
confirmed in  l a t e r  worm by t h e s e  a u th o r s  (Simpson and -«.eed la  o s  ;.
Ghu (1 9 5 5 )  d e s c r i b e d  a m i c r o - c u l t u r e  m ethod  w h ic h  
i s  more  e f f i c i e n t  t h a n  c u l t u r e  by t h e  sod ium h y d r o x i d e  
method  w i t h  s p e c im e n s  n e g a t i v e  by  m i c r o s c o p y .  Sputum i s  
ho m o g en ised  by t h e  sod ium  h y d r e x i d e  m e th o d ,  t h e n  n e u t r a l i s e d  
w i t h  h y d r o c h l o r i c  a c i d .  To t h e  n e u t r a l i s e d  hom ogena te  i s  
added  an  e q u a l  volume o f  a com plex  f l u i d  medium c o n t a i n i n g  
s a l t s ,  l e c i t h i n ,  a s p a r a g i n ,  g l u c o s e ,  Tween 80 ,  p la sm a  and 
p e n i c i l l i n .  The m i x t u r e  i s  i n c u b a t e d  f o r  24 h o u r s  ana 
c e n t r i f u g e d ,  and a sm ear  i s  made f rom t h e  d e p o s i t .  I f  
a c i d - f a s t  b a c i l l i  a r e  n o t  s e e n  i n  t h i s  s m e a r ,  14 sm e a rs  a r e  
made on s t e r i l e  s l i d e s ;  t h e s e  s l i d e s  a r e  t h e n  i n c u b a t e d  
i n  a medium s i m i l a r  t o  t h a t  a l r e a d y  d e s c r i b e d  above  b u t  
o m i t t i n g  Tween 80 and s u b s t i t u t i n g  l a k e d  b lo o d  f o r  p l a s m a .  
The s l i d e s  a r e  exam ined  a t  f r e q u e n t  i n t e r v a l s .  T a b le  42 
shows t h a t  c u l t u r e  on s o l i d  medium from t h e  sod ium  h y d r o ­
x i d e  hom ogena te  y i e l d e d  f e w e r  p o s i t i v e  r e s u l t s  t h a n  t h e  
m i c r o - c u l t u r e  m ethod ;  i n  a d d i t i o n ,  t h e  r e s u l t s  were  
a v a i l a b l e  v e r y  much s o o n e r  b y  t h e  m i c r o - c u l t u r e  m e t h o d .
A s i m i l a r ,  b u t  l e s s  c o m p l i c a t e d  m e th o d ,  i s  d e s c r i b e d  by 
T i s o n  (1 9 5 6 )  b u t  he d o e s  n o t  compare t h i s  m ethod  w i t h  any 
s t a n d a r d  m e th o d .
A p a r t  f rom  t h e  f a c t  t h a t  m i c r o - c u l t u r e  m e th o d s  
r e q u i r e  m i c r o s c o p y  f o r  t h e  r e c o g n i t i o n  o f  p o s i t i v e  r e s u l t s  
t h e i r  a d o p t i o n  a s  a c o m p lem e n ta ry  m ethod  t o  s t a n d a r d  
method i n v o l v e s  t h e  i n t r o d u c t i o n  o f  e x t r a  w ork  i n  t h e
s e t t i n g  up  o f  c u l t u r e s .  Hoyt e t  a l . (1 9 5 4 )  d e s c r i b e d  a 
m i c r o - c u l t u r e  method  w h ic h  may be i n c o r p o r a t e d  w i t h  l i t t l e  
a d d i t i o n a l  l a b o u r  i n  r o u t i n e  i n o c u l a t i o n  p r o c e d u r e s .
S t e r i l e  f i l t e r  p a p e r  s t r i p s  a r e  p l a c e d  on t h e  s u r f a c e  o f  
t h e  medium u s e d  f o r  r o u t i n e  p u r p o s e s .  These  m e d ia  a r e  
i n o c u l a t e d  i n  t h e  u s u a l  way w i t h  h o m o g e n i se d  spu tum  and 
a f t e r  10 d a y s ,  t h e  s t r i p s  a r e  mounted on s l i d e s ,  s t a i n e d  
by t h e  z e i h l - N e e l s e n  method  and examined f o r  m i c r o - c o l o n i e s .  
Hoyt e t  a l . found  t h a t  t h i s  m ethod  y i e l d e d  f e w e r  p o s i t i v e  
r e s u l t s  t h a n  t h e  s t a n d a r d  sod ium  h y d r o x i d e  m ethod  ( t a b l e  
4 3 ) .  I t  wou ld  be s u i t a b l e ,  h o w e v e r ,  f o r  u s e  as  a r a p i d  
s u p p l e m e n t a r y  method i n  r o u t i n e  l a b o r a t o r y  p r a c t i c e .
M i c r o - c u l t u r e  m e th o d s  have  a l s o  b e e n  u s e d  f o r  
t e s t i n g  t h e  s e n s i t i v i t y  o f  t u b e r c l e  b a c i l l i  t o  a n t i t u b e r c u l o u s  
d r u g s  ( f o r  e x a m p le ,  Hubbo and M o r r i s  1951 ;  Rice- and Rowan 
1955;  .Q O l la rd an d  Harm 1953; Heed 1 9 5 4 ) .  In  t h e s e  
m e th o d s  t h e  a d v a n t a g e  o f  sp eed  i n  o b t a i n i n g  r e s u l t s  i s  
l a r g e l y  o f f s e t  by t h e  number o f  p r e p a r a t i o n s  r e q u i r e d  f o r  
ea ch  t e s t .  Hor r o u t i n e  t e s t s ,  m os t  l a b o r a t o r i e s  now u s e  
s o l i d  m e d ia  i n c o r p o r a t i n g  s u i t a b l e  c o n c e n t r a t i o n s  o f  a n t i ­
t u b e r c u l o u s  d r u g s ;  t h e s e  m e d ia  may be  i n o c u l a t e d  w i t h  a 
s u s p e n s i o n  o f  t u b e r c l e  b a c i l l i  o b t a i n e d  f rom  a c u l t u r e  o r ,  
i f  a s u f f i c i e n t  number o f  a c i d - f a s t  b a c i l l i  i s  p r e s e n t  i n  
t h e  sp u tu m ,  f rom  a h o m ogena te  o f  t h e  sp u tu m .  W ith  l i t t l e
a d d i t i o n a l  l a b o u r  t h e  i n c o r p o r a t i o n  o f  t h e  f i l t e r - p a p e r  
s t r i p  m ethod o f  Hoyt  e t  a l « i n  s e n s i t i v i t y  t e s t s  made on 
s o l i d  m e d ia  w ould  have  2 a d v a n t a g e s :  ( 1 )  i t  would  a l l o w
e a r l y  r e a d i n g  o f  t h e  t e s t  and (2 ) i t  w ou ld  p e r m i t  a r e v ie w  
o f  t h e s e  e a r l y  r e s u l t s  i n  t h e  l i g h t  o f  t h o s e  o b t a i n e d  a f t e r  
f u r t h e r  i n c u b a t i o n  of  t h e  m ed ia  u n t i l  m a c r o s c o p i c  g ro w th  
had  a p p e a r e d .  T h is  se c o n d  p r o c e d u r e  i s  n e c e s s a r y  b e c a u s e  
o f  t h e  r e p o r t  b y  Heed ( 1 9 5 4 )  t h a t  t h e  r e s u l t s  o b t a i n e d  i n  
s e n s i t i v i t y  t e s t s  b y  m i c r o - c u l t u r e  o c c a s i o n a l l y  d i s a g r e e  
w i t h  t h o s e  o b t a i n e d  by s t a n d a r d  m e t h o d s .
I t  may be c o n c l u d e d ,  t h e r e f o r e ,  t h a t  m i c r o - c u l t u r a l  
p r o c e d u r e s  have  a c l e a r  a d v a n t a g e  o v e r  s t a n d a r d  m e th o d s  
b e c a u s e  t h e y  y i e l d  r e s u l t s  v e r y  much s o o n e r .  J?or t h e  r o u t i n e  
i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  f rom spu tum  t h e y  i n v o l v e  
a d d i t i o n a l  w ork  and i n  o r d e r  t o  o b t a i n  s a t i s f a c t o r y  r e s u l t s  
from s p e c i m e n s  n e g a t i v e  by m i c r o s c o p y ,  a v e r y  c o m p l i c a t e d  
p r o c e d u r e  i s  r e q u i r e d  ( Chu 1 9 5 5 ) .  M i c r o - c u l t u r e  m e th o d s  
may have  a u s e f u l  a p p l i c a t i o n  i n  r o u t i n e  s e n s i t i v i t y  t e s t s ;  
t h e  s i m p l i c i t y  o f  t h e  f i l t e r  p a p e r  m ethod  d e s c r i b e d  by Hoyt 
e t  a l . s u g g e s t s  t h a t  i t s  a p p l i c a t i o n  t o  s e n s i t i v i t y  t e s t i n g  
s h o u l d  be  e x a m in e d .
METHODS Off ISOLATING TUBEROUS BACILLI
WHEN SEPTUM I S  HOT AVAILABLE
The f o l l o w i n g  m e th o d s  a r e  u s e d  i n  o a s e s  o f  p u lm o n a ry  
t u b e r c u l o s i s  when no spu tum  i s  a v a i l a b l e  o r  when e x a m i n a t i o n  
o f  sputum h a s  g i v e n  n e g a t i v e  r e s u l t s :  g a s t r i c  l a v a g e ,
l a r y n g e a l  s w a b b in g ,  and t r a c h e o - b r o n o h i a l  l a v a g e .  The 
i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  f rom s p e c im e n s  o b t a i n e d  by 
g a s t r i c  l a v a g e  was  f i r s t  d e s c r i b e d  by  M e u n i e r ( 1 8 9 8 ) and u n t i l  
1940 was t h e  s t a n d a r d  m ethod u s e d  i n  p a t i e n t s  who f a i l e d  t o  
p r o d u c e  s p e c i m e n s  o f  spu tum .  I n  1940 N a s s a u  recommended t h e  
u s e  o f  l a r y n g e a l  swabs f o r  t n i s  p u r p o s e ;  b e c a u s e  t h i s  t y p e  
o f  s p e c im e n  c a n  be o b t a i n e d  e a s i l y  and d o e s  n o t  r e q u i r e  an 
e l a b o r a t e  t r e a t m e n t  i n  t h e  l a b o r a t o r y  i t  h a s  become v e r y  
p o p u l a r  i n  t h i s  c o u n t r y .  In  1946 Abreu i n t r o d u c e d  t r a c h e o ­
b r o n c h i a l  l a v a g e  and c l a i m e d  t h a t  t n i s  p r o c e d u r e  y i e l d e d  more  
p o s i t i v e  r e s u l t s  t h a n  g a s t r i c  l a v a g e .  Two p r o b le m s  a r i s e
i n  t h e  c o n s i d e r a t i o n  o f  t h e s e  m e th o d s ;  ( 1 )  Which i s  t h e  most  
e f f i c i e n t  p r o c e d u r e ?  ( 2 )  Can t h e  l a r y n g e a l  swab m ethod 
t h e  s i m p l e s t  o f  t h e  t h r e e  - b e  u s e d  i n s t e a d  o f  m e th o d s  
b a s e d  on t h e  e x a m i n a t i o n  o f  sputum f o r  t h e  d e t e c t i o n  o f  t u b e r c l e  
b a c i l l i  i n  c a s e s  o f  m in im a l  t u b e r c u l o s i s  o r  i n  p a t i e n t s  who 
have  made a f a v o u r a b l e  r e s p o n s e  t o  t r e a t m e n t ?
N a s s a u r s (1 9 4 0 )  m ethod  o f  l a r y n g e a l  swab c u l t u r e  
y i e l d e d  p o s i t i v e  r e s u l t s  i n  6h o f  166 p a t i e n t s ;  t h e s e  p a t i e n t s
were e i t h e r  u n a b l e  t o  p ro d u c e  spu tum o r ,  a t  t h e  t i m e  o f  
e x a m i n a t i o n ,  had  spu tum  from w h ic h  t u b e r o l e  b a c i l l i  co u ld  
n o t  be  i s o l a t e d  by c u l t u r a l  m e t h o d s .  U n f o r t u n a t e l y  t h e  
m ethod  was n o t  compared w i t h  g a s t r i c  l a v a g e .  Many l a t e r  
w o r k e r s  fo u n d  t h a t  t h e  l a r y n g e a l  swab m ethod compared 
f a v o u r a b l y  w i t h  g a s t r i c  l a v a g e .  f o r b e s  e t  a l . (1 9 4 8 )  found  
no g r e a t  d i f f e r e n c e  i n  t h e  e f f i c i e n c y  o f  t h e  two m e th o d s  i n  
o u t - p a t i e n t s ;  h o w e v e r ,  i n  h o s p i t a l  p a t i e n t s  who had  c l i n i c a l  
e v i d e n c e  o f  p u lm o n a ry  t u b e r c u l o s i s  b u t  had  e i t h e r  no sputum 
o r  had  g i v e n  n e g a t i v e  r e s u l t s  by sputum c u l t u r e ,  g a s t r i c  
l a v a g e  gave b e t t e r  r e s u l t s  t h a n  l a r y n g e a l  s w a b b in g  ( t a b l e  4 4 ) .  
Hounslow and U s h e r  (1 9 4 8 )  found  t h a t  a c o m b i n a t i o n  o f  3 
l a r y n g e a l  swab i n v e s t i g a t i o n s  gave b e t t e r  r e s u l t s  t h a n  a 
s i n g l e  i n v e s t i g a t i o n  by  g a s t r i c  l a v a g e .  G i l j e  ( 1 9 4 8 )  
d e m o n s t r a t e d  t u b e r c l e  b a c i l l i  i n  1 3 .7 5  p e r  c e n t ,  o f  400 
l a r y n g e a l  swab c u l t u r e s  b u t  i n  o n l y  6 .2  p e r  c e n t ,  o f  g a s t r i c  
l a v a g e  c u l t u r e s ;  a l a t e r  i n v e s t i g a t i o n  by t h e  same a u t h o r  
(1 9 5 1 )  y i e l d e d  s i m i l a r  r e s u l t s .  E r o s t a d  (1 9 5 4 )  compared 
t h e  number  o f  p o s i t i v e  r e s u l t s  o b t a i n e d  f rom  1500  l a r y n g e a l  
swab e x a m i n a t i o n s  w i t h  t h e  number o b t a i n e d  from 1500 g a s t r i c  
l a v a g e  s p e c i m e n s .  Each  p a t i e n t  who c o n t r i b u t e d  s p e c im e n s  
u s e d  i n  t h i s  s t u d y  was exam ined  by b o t h  p r o c e d u r e s  on t n e  
same d a y .  He o b t a i n e d  179 ( 1 1 .9 3  p e r  c e n t . )  p o s i t i v e  
r e s u l t s  by t h e  l a r y n g e a l  swab m ethod  and 195 (13 p e r  c e n t .  ) 
by g a s t r i c  l a v a g e .  B o th  i n v e s t i g a t i o n s  were  p o s i t i v e  i n
o n l y  91 i n s t a n c e s  and E r o s t a d  t h e r e f o r e  s u g g e s t s  t h a t  
e v e r y  p a t i e n t  s h o u l d  be i n v e s t i g a t e d  b y  b o t h  m e t h o d s .
On t h e  o t h e r  h a n d ,  a number o f  i n v e s t i g a t i o n s  s u g g e s t  
t h a t  l a r y n g e a l  s w a b b in g  i s  v e r y  much l e s s  e f f i c i e n t  t h a n  
g a s t r i c  l a v a g e .  p o r  e x a m p le ,  Chaves  e t  a l . ( 1 9 5 5 ) ,  i n  an 
i n v e s t i g a t i o n  i n  w h ic h  l a r y n g e a l  swabs and g a s t r i c  c o n t e n t s  
were  exam ined  f rom  e a c h  p a t i e n t ,  o b t a i n e d  o n l y  9 . 6  p e r  c e n t ,  
p o s i t i v e  r e s u l t s  by  t h e  l a r y n g e a l  swab m ethod  compared  w i t h  
1 5 .2  p e r  c e n t ,  o f  p o s i t i v e  r e s u l t s  by c u l t u r e  o f  g a s t r i c  
c o n t e n t s  ( t a b l e  4 5 ) .  Again Tonge and Hughes (1 9 5 6 )  i n  a 
s i m i l a r  i n v e s t i g a t i o n  o b t a i n e d  o n l y  1 1 .6  p e r  c e n t ,  p o s i t i v e  
r e s u l t s  by  l a r y n g e a l  swab compared w i t h  28 p e r  c e n t ,  by 
g a s t r i c  l a v a g e  ( t a b l e  4 6 ) .
T hese  f o l l o w i n g  f a c t o r s  may e x p l a i n  t h e  c o n t r a d i c t o r y  
f i n d i n g s  i n  c o m p a r i s o n s  b e tw e e n  t h e  r e s u l t s  o f  l a r y n g e a l  swab 
c u l t u r e  and c u l t u r e  o f  g a s t r i c  c o n t e n t s .  G - i l j e ,  who fo u n d  
t h e  l a r y n g e a l - s w a b  method  much more  e f f i c i e n t  t h a n  g a s t r i c  
l a v a g e ,  c u l t i v a t e d  t h e  l a r y n g e a l  swabs i n  h i s  own l a b o r a t o r y  
b u t  s e n t  t h e  g a s t r i c  l a v a g e  s p e c im e n s  t o  a c e n t r a l  l a b o r a t o r y .  
I t  h a s  b e e n  e s t a b l i s h e d  by a number  o f  w o r k e r s  ( f o r  e x a m p le ,  
S p r i c k  and T o w e y , 1946;  Ho l low ay  and Cummings, 1949;
Rambol,  1 9 5 1 )  t h a t  t h e  number o f  p o s i t i v e  r e s u l t s  o b t a i n e d  i n  
t h e  c u l t u r e  o f  g a s t r i c  c o n t e n t s  i s  g r e a t l y  d i m i n i s h e d  by 
s t o r a g e  o f  t h e  sp e c im e n  b e f o r e  c u l t u r e .  Edw ards  (1 9 5 6 )  
p r e s e n t s  f i g u r e s  w h ic h  s u g g e s t  t h a t  s t o r a g e  b e f o r e  c u l t u r e  
d o e s  n o t  h av e  t h e  same s e r i o u s  e f f e c t  on l a r y n g e a l  swab
s p e c im e n s  and G i l j e  (1 9 5 1 )  found  t h a t  i f  b o t h  l a r y n g e a l  
swabs and g a s t r i c - l a v a g e  s p e c im e n s  were  s e n t  t o  t h e  c e n t r a l  
l a b o r a t o r y ,  t h e  r e s u l t s  s t i l l  f a v o u r e d  t h e  l a r y n g e a l  swab 
m e th o d .  What i s  c l e a r l y  shown by  G i l j e ' s  w ork  i s  t h a t  
l a r y n g e a l - s w a b  s p e c im e n s  c u l t u r e d  a t  once y i e l d  much b e t t e r  
r e s u l t s  t h a n  g a s t r i c  l a v a g e  s p e c im e n s  w h ic h  a r e  d e l a y e d  i n  
t r a n s i t  b e f o r e  c u l t u r e .  F o r b e s  e t  a l . ( s e e  p .  41 o f  t h i s  
t h e s i s )  fo u n d  t h a t  g a s t r i c  l a v a g e  s p e c im e n s  f rom  o u t - p a t i e n t s  
y i e l d e d  o n l y  s l i g h t l y  more p o s i t i v e  r e s u l t s  t h a n  l a r y n g e a l  
sw a b s ,  w h e r e a s  g a s t r i c  l a v a g e  s p e c im e n s  f rom h o s p i t a l  p a t i e n t s  
y i e l d e d  a s u b s t a n t i a l l y  g r e a t e r  number o f  p o s i t i v e  r e s u l t s  
t h a n  l a r y n g e a l  swabs ( t a b l e  4 4 ) .  The d i f f e r e n c e  b e tw ee n  t h e  
two s e t s  o f  p a t i e n t s  may d epend  on t h e  f a c t  t h a t ,  i n  h o s p i t a l  
p a t i e n t s ,  t h e  s p e c im e n  o f  g a s t r i c  c o n t e n t s  can  be  o b t a i n e d  
b e f o r e  t h e  p a t i e n t  h a s  had  food  and b e f o r e  t h e  s to m ac h  c o n t e n t s  
have  been  a l t e r e d  by t h e  b e g i n n i n g  o f  t h e  d a y ' s  a c t i v i t i e s  
w h e r e a s  t h e  q u a l i t y  o f  t h e  sp e c im e n  o b t a i n e d  f rom  an o u t ­
p a t i e n t  may be  p o o r e r  b e c a u s e  ( 1 )  he may n o t  be  f a s t i n g  and 
(2 ) i f  he  i s  f a s t i n g ,  t h e  sp ec im e n  h a s  p r o b a b l y  l a i n  i n  n i s  
s to m ac h  f o r  some c o n s i d e r a b l e  t i m e  b e f o r e  i t  i s  r em o v ed .
The p o o r  r e s u l t s  o b t a i n e d  w i t h  t h e  l a r y n g e a l  swab method  by 
Ohaves e t  a l . and by  Tonge and Hughes  m u s t  n o t  be o v e r - e m p h a s i s e d . 
Chaves e t  a l . made t h e i r  s t u d y  i n  " . . . .  a l a r g e  number o f  
c l i n i c s  w i t h  f r e q u e n t l y  c h a n g i n g  p e r s o n n e l  i n e x p e r i e n c e d  i n  
t h e  l a r y n g e a l  swab t e c h n i q u e . "  A p a r t  from t h i s ,  b o t h  g ro u p s  
o f  w o r k e r s  u s e d  a l k a l i  f o r  d e c o n t a m i n a t i n g  t h e  swabs b e f o r e
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c u l t u r e . Al trio ugh c u l t u r e s  were made from th e  swabs and 
from the  f l u i d  w i t h  which they  were t r e a t e d  i t  i s  p o s s i b l e  
t h a t  t h e  l i q u e f a c t i o n  o f  th e  m a t e r i a l  on the  swabs by th e  
a l k a l i  a l lo w ed  most  of  th e  t u b e r c l e  b a c i l l i  p r e s e n t  to  soak  
f a r  i n t o  th e  swab so  t h a t  th ey  cou ld  not  be t r a n s f e r r e d  t o
t h e  c u l t u r e  medium. Nassau ( 1 9 4 0 ) ,  Forbes e t  a l . ( 1 9 4 8 ) ,
Hounslow and Usher (1948)  and Grille (1948 ,  1 951)  a l l  used an 
a c id  d e c o n t a m in a t io n  method f o r  l a r y n g e a l  swabs; t h e s e  are  
th e  a u th o r s  who rep o r t  f a v o u r a b ly  on th e  method.
The r e s u l t s  p r e s e n t e d  by Nassau (1940;  s e e  p .  40 o f  t h i s
t h e s i s )  s u g g e s t  t h a t  the  la r y n g e a l - s w a b  method might  y i e l d  more 
p o s i t i v e  r e s u l t s  than the  r o u t i n e  c u l t u r e  o f  sputum in  p a t i e n t s  
whose sputum c o n t a i n s  very  few t u b e r c l e  b a c i l l i .  Nassau  
c l a i m s  t h a t  th e  m a t e r i a l  ob ta ined  by l a r y n g e a l  swabbing "may 
b e  regarded  as  c o n c e n tr a te d  sputum u n d i l u t e d  by s a l i v a  and 
n a so p h a ry n g e a l  s e c r e t i o n * "  N e v e r t h e l e s s ,  Forbes  e t  a l . (1948)  
in  p a t i e n t s  whose sputum was n e g a t i v e  fo r  a c i d - f a s t  b a c i l l i  
by m ic r o s c o p y ,  found t h a t  sputum c u l t u r e  y i e l d e d  a lm o st  t w i c e  
as many p o s i t i v e  r e s u l t s  as l a r y n g e a l  swab c u l t u r e  ( t a b l e  4 7 ) .  
Hata e t  s i . (1950)  compared a number o f  methods o f  i s o l a t i n g  
t u b e r c l e  b a c i l l i  from a group o f  t u b e r c u lo u s  p a t i e n t s .  In 
a s e r i e s  o f  130  specimens o b ta in ed  from t h e s e  p a t i e n t s ,  
l a r y n g e a l  swab c u l t u r e  was p o s i t i v e  i n  1 6 .9  per  c e n t . ;  the  
c o r r e s p o n d in g  f i g u r e  fo r  scutum c u l t u r e  was 37*7 per  c e n t ,  and
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f o r  g a s t r i c  la v a g e  c u l t u r e  4 3 .9  per c e n t ,  ( t a b l e  4 5 ) .  Lind 
and l u n d i n  ( 1 9 5 5 ) ,  in  a s e r i e s  o f  381 i n v e s t i g a t i o n s  obta ined  
56 p o s i t i v e  r e s u l t s  by sputum c u l t u r e  when th e  c o r r e s p o n d in g  
r e s u l t s  by l a r y n g e a l  swab c u l t u r e  were n e g a t i v e ;  tne  o p p o s i t e  
f i n d i n g  was o b ta in e d  i n  on ly  8 i n s t a n c e s .
Trachea l  la v a g e  was in tro d u ced  by Abreu i n  1946; h i s  
method i s  as f o l l o w s .  S a l i n e  i s  in tro d u ced  i n t o  the r e s p i r a t ­
ory t r e e  under l o c a l  a n a e s t h e s i a  and th e  r e tu r n  f l u i d  e x p e c ­
t o r a t e d  by the  p a t i e n t  i s  c u l tu r e d  f o r  t u b e r c l e  b a c i l l i .  In 
18 p a t i e n t s ,  from each o f  whom a g a s t r i c - l a v a g e  specimen and 
a t r a c h e a l - l a v a g e  specimen were taken on t h e  same day ,  he  
o b ta in e d  8 p o s i t i v e  r e s u l t s  from the  t r a c h e a l  spec im ens  and. 
o n ly  1 from th e  g a s t r i c  sp e c im e n s .  G ernez-B ieux ,  B r e to n ,  
D e lw a u l l e  and S ev in  (1949)  o b ta in ed  151 p o s i t i v e  r e s u l t s  by 
t r a c h e a l  l a v a g e  from 310  p a t i e n t s  in  whom o th e r  i n v e s t i g a t i o n s  
i h e l u d i n g  g a s t r i c  l a v a g e  were n e g a t i v e .  Wardrip e t  a l . (1949)  
a l s o  compared th e  r e s u l t  obta ined  by t r a c h e a l  l a v a g e  w i t h  t h o s e  
o b ta in ed  by g a s t r i c  la v a g e ;  i n  t n e i r  hands t r a c h e a l  la v a g e  
y i e l d e d  t w i c e  as  many p o s i t i v e  r e s u l t s  as g a s t r i c  la v a g e  ( t a b l e  
49)  and g a s t r i c  la v a g e  n ever  gave a p o s i t i v e  r e s u l t  in  a p a t i e n t  
in  whom t r a c h e a l  la v a g e  was n e g a t i v e .  On t h e  o th e r  hand,  
Deakins  and Barber (1 9 5 3 )  f a i l e d  t o  f in d  a s i g n i f i c a n t  
d i f f e r e n c e  between th e  numbers o f  p o s i t i v e  r e s u l t s  y i e l d e d  
by g a s t r i c  la v a g e  and t r a c h e a l  l a v a g e ,  ( t a b l e  50 )  but i t  must  
be emphasised th a t  th e  t r a c n e a l - l a v a g e  spec im ens  were t r e a t e d
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w i t h  2 p e r  c e n t ,  sod ium  h y d r o x i d e  ( f i n a l  c o n c e n t r a t i o n ) f o r  
2 h o u r s  w h e r e a s  t h e  d u r a t i o n  o f  t r e a t m e n t  f o r  g a s t r i c  l a v a g e  
sp e c im e n s  was o n l y  15 m i n u t e s .  The r e s u l t s  o f  D e a k in s  and 
B a rh e r  a r e  t h e r e f o r e  b i a s e d  i n  f a v o u r  o f  t h e  g a s t r i c - l a v a g e  
s p e c im e n s .  R e c e n t l y  Lees  e t  a l . (1955)  com pared  t h e  
e f f i c i e n c y  o f  t r a c h e o - b r o n c h i a l  l a v a g e ,  g a s t r i c  l a v a g e  and 
l a r y n g e a l  s w a b b in g  i n  144 p a t i e n t s  TTi n  whom m in i m a l ,  p o s s i b l y  
a c t i v e ,  p u lm o n a ry  t u b e r c u l o s i s  had  been  d i a g n o s e d  a s  t h e  r e s u l t  
o f  r o u t i n e  r a d i o g r a p h y . TT T a b le  51 shows t h e i r  r e s u l t s  w h ic h  
d e m o n s t r a t e  t h a t  t r a c h e o - b r o n c h i a l  l a v a g e  i s  e a s i l y  t h e  m os t  
e f f i c i e n t  o f  t h e  t h r e e  m e thods  t e s t e d ;  i t  m ust  be  e m p h a s iz e d ,  
how ever ,  t h a t  t h e  a p p l i c a t i o n  o f  t h e  2 m e th o d s  t o g e t h e r  
y i e l d e d  much b e t t e r  r e s u l t s  t h a n  any one o f  t h e  m ethods  a p p l i e d  
a l o n e .
C o n s i d e r a t i o n  o f  m e thods  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  
from p a t i e n t s  who a r e  u n a b l e  t o  p r o v i d e  sputum s p e c im e n s  l e a d s  
t o  t h e  f o l l o w i n g  c o n c l u s i o n s .
(1 )  L a r y n g e a l - s w a b  s p e c im e n s  a r e  more e a s i l y  o b t a i n e d  t h a n  
s p e c im e n s  o f  g a s t r i c  c o n t e n t s  o r  t r a c h e a l - l a v a g e  s p e c im e n s .
(2 )  I t  i s  u n c e r t a i n  w h e t h e r  r e s u l t s  o b t a i n e d  from l a r y n g e a l -  
swab c u l t u r e  a r e  a s  good a s  t h o s e  o b t a i n e d  by c u l t u r e  o f  g a s t r i c  
c o n t e n t s .  I n  c o m p a r i s o n s  o f  t h e  l a r y n g e a l - s w a b  c u l t u r e  w i t h  
c u l t u r e  o f  g a s t r i c  c o n t e n t s ,  t h e  r e s u l t s  m ost  f a v o u r a b l e  t o
th e  l a r y n g e a l  swab method have  been  o b t a i n e d  ( a )  u n d e r  
c i r c u m s t a n c e s  i n  w h ic h  c u l t i v a t i o n  o f  t h e  g a s t r i c  c o n t e n t s  i s
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d e l a y e d  ( G i l j e  1948 ,  1 9 5 1 )  o r  ( To) i n  o u t - p a t i e n t s  from 
whom s a t i s f a c t o r y  s p e c im e n s  o f  g a s t r i c  c o n t e n t s  may n o t  
a lw a y s  be  a s s u r e d  ( F o r b e s  e t  a l . 1 9 4 8 ) .
( 3 )  The a v a i l a b l e  e v i d e n c e  s u g g e s t s  t h a t ,  i f  t h e  p a t i e n t  
is. a b l e  t o  p r o d u c e  s p u tu m ,  l a r y n g e a l  swab c u l t u r e  y i e l d s  
r e s u l t s  i n f e r i o r  t o  t h o s e  o b t a i n e d  by c u l t u r e  o f  spu tum .
( 4 )  T r a c h e a l - l a v a g e  s p e c im e n s  y i e l d  many more p o s i t i v e  
r e s u l t s  t h a n  g a s t r i c - l a v a g e  s p e c i m e n s .  I n  one i n v e s t i g a t i o n  
(Lees  e t  a l . 1 9 5 5 )  t r a c h e a l - l a v a g e  s p e c im e n s  were  a l s o  
s u p e r i o r  t o  l a r y n g e a l - s w a b  s p e c i m e n s .
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S i m p l i c i t y
A l l  th e  s ta n d a rd  methods o f  i s o l a t i n g  t u b e r c l e  
b a c i l l i  from sputum i n v o l v e  c e n t r i f u g a t i o n .  This  i s  not  
a major d i f f i c u l t y  when s m a l l  numbers of  spec im en s  are  
handled but l i m i t s  the  number o f  spec im ens  w h ich  can be 
h andled  i n  one day by a sm a l l  l a b o r a t o r y .  The main purpose  
o f  c e n t r i f u g a t i o n  i s  to  c o n c e n t r a t e  tne t u b e r c l e  b a c i l l i ;  
i t  may a l s o  be u sed  to  wash the' organisms f r e e  o f  a d e c o n ­
t a m i n a t in g  a g e n t .  I f  the  d e c o n t a m in a t in g  agent  i s  s u l p h u r i c  
a c i d ,  o x a l i c  a c i d ,  sodium h y d ro x id e  or t r i s o d i u m  p h o sp h a te ,  
i t s  a c t i o n  may be s topped  by n e u t r a l i s a t i o n .  Hanks e t  a l . 
(1938)  found t h a t . c e n t r i f u g a t i o n  o f  homogenates made from 
sputum by t h e  sodium hyd rox id e  method produced v er y  poor 
c o n c e n t r a t i o n  o f  the  t u b e r c l e  b a c i l l i  i n  tn e  d e p o s i t .  They 
recommended a f l o c c u l a t i o n  procedure f o r  use  w i th  tn e  sodium  
hyd rox id e  method and d em on stra ted  by m ic r o sc o p y  t n a t  t h i s  
m o d i f i c a t i o n  produced a c o n c e n t r a t i o n  o f  t u b e r c l e  b a c i l l i  
t w ic e  as g r e a t  as t h a t  produced by the sodium h y d r o x id e  
method. On the  o th e r  hand, Baker (1 9 5 1 )  showed t h a t  tn e  
f l o c c u l a t i o n  metnod o f  Hanks e t  a l * compared u n favou rab ly  
with  tn e  sodium h y d r o x id e  metnod for  tn e  i s o l a t i o n  o f  t u b e r c l e  
b a c i l l i  from spe c im en s  n e g a t i v e  by m ic r o s c o p y .
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K l e i n  e t  a l * ( 1 9 5 2 )  a l s o  i n v e s t i g a t e d  t h e  e f f i c i e n c y  
o f  c e n t r i f u g a t i o n  and c o n c e n t r a t i n g  t u b e r c l e  b a c i l l i  f rom 
h o m o g e n a te s  o f  spu tum  p r o d u c e d  by sodium h y d r o x i d e .  By 
means o f  a v i a b l e - c o u n t i n g  m ethod  t h e y  showed t h a t  t h e  
number o f  o r g a n i s m s  p e r  u n i t  volume i n  t h e  d e p o s i t  a f t e r  
c e n t r i f u g a t i o n  was g r e a t e r  t h e n  t h e  number i n  t h e  hom ogenate  
b e f o r e  c e n t r i f u g a t i o n ;  b o t h  o f  t h e s e  numbers  e x c e e d e d  t h e  
number p r e s e n t  i n  t h e  s u p e r f i c i a l  l a y e r s  o f  t h e  s u p e r n a t a n t  
f l u i d  a f t e r  c e n t r i f u g a t i o n .  N e v e r t h e l e s s ,  i n  a s e r i e s  o f  
409 s p e c im e n s  o f  sp u tu m  s u b m i t t e d  f o r  r o u t i n e  e x a m i n a t i o n ,  
t h e y  o b t a i n e d  98 p o s i t i v e  r e s u l t s  b y  c u l t u r i n g  t h e  hom ogena te  
b e f o r e  c e n t r i f u g a t i o n  compared w i t h  100 p o s i t i v e  r e s u l t s  a f t e r  
c e n t r i f u g a t i o n .  They c o n c l u d e  t h a t  " c e n t r i f u g a t i o n  o f  
d i g e s t e d  s p e c im e n s  a t  3000 r . p . m .  f o r  15 m i n u t e s  i s  n o t  a 
h i g h l y  e f f i c i e n t  m ethod  o f  c o n c e n t r a t i n g  t u b e r c l e  b a c i l l i *  
E x a m i n a t i o n  o f  t h e  s u p e r n a t a n t  f l u i d ,  by c u l t u r e  or  a n im a l  
i n o c u l a t i o n ,  s h o u l d  n o t  be n e g l e c t e d . "  H ata  e t  a l . (1 9 5 0 )  
a l s o  p r o v i d e  f i g u r e s  w h ic h  s u g g e s t  t h e  same c o n c l u s i o n  
( t a b l e t s  ) and S a x h o l m ' s  ( 1 9 5 4 ,  1 9 5 5 )  p a n c r e a t i n - d s s o g e n  
method w h ic h  d o e s  n o t  i n v o l v e  c e n t r i f u g a t i o n  y i e l d e d  r e s u l t s  
which  compare f a v o u r a b l y  w i t h  t h o s e  o f  a sod ium  h y d r o x i d e  
method i n  w h ic h  t h e  hom ogena te  was c o n c e n t r a t e d  by c e n t r i ­
f u g a t i o n  ( t a b l e s  30  t o  3 4 ) .  U n f o r t u n a t e l y ,  none o f  t h e  
s t u d i e s  w i i ich  s u g g e s t  t h a t  c e n t r i f u g a t i o n  adds  l i t t l e  t o  t h e
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e f f i c i e n c y  o f  s tandard  methods o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  
from sputum g i v e  r e s u l t s  based  on specim ens n e g a t i v e  by 
m ic r o s c o p y .  Such a s tu d y  i s  req u ired  in  order to  e s t a b l i s h  
whether  or not c e n t r i f u g a t i o n  i s  r e a l l y  e s s e n t i a l  fo r  t h e  
e f f i c i e n t  o p e r a t i o n  o f  t h e s e  m ethods .
Of t h e  new methods o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  from 
sputum, t h a t  o f  Browning e t  a l  * (1953 j j i  s e e  p .  30 of  t h i s  
t h e s i s )  and t h a t  o f  Saxholm (1954 ,  1955 ,  s e e  p .  31 o f  t h i s  
t h e s i s )  do not i n v o l v e  c e n t r i f u g a t i o n ;  t n e y  have th e  
a d d i t i o n a l  advantage  t h a t  prolonged exposure  to  th e  a g e n t s  
employed has l i t t l e  e f f e c t  on t h e i r  e f f i c i e n c y .  This  l a s t  
advantage a l s o  a p p l i e s  to  th e  t r i s o d iu m  phosphate  method 
( s e e  p.  10 o f  t h i s  t h e s i s )  and i s  important  when d e a l i n g  w i tn4
l a r g e  numbers o f  spec im ens;  i t  a l s o  perm its  th e  use  o f  t h e s e  
a g en ts  as t r a n s p o r t  media f o r  spec im en s  from o u t - p a t i e n t s .
The T e e p o l  m~thod d e s c r i  bed by Browning e t  a l . has not been 
compared w i t h  any s ta n d a rd  method in  spec im ens  n e g a t i v e  by 
m ic roscop y;  th e  m o d i f i c a t i o n s  s u g g e s t e d  by T ison  and Loze  
(1954)  and Tison ( 1 9 5 4 )  i n v o l v e  c e n t r i f u g a t i o n  and, a l th o u g h  
T i s o n ’s ( 1 9 5 4 )  method compares f a v o u r a b ly  w i t n  t h e  sodium h y d r ­
oxide  method i t  o f f e r s  no advantage in  s i m p l i c i t y .
M i c r o - c u l t u r e  methods are more c o m p l ic a te d  than  
standard m e th o d s .  Even i f  a s im ple  procedure i s  used f o r  
th e  s e t t i n g  up o f  c u l t u r e s  -  f o r  example ,  tn e  use of  
s p e c i a l  a p p a r a tu s  f o r  the  s im u l ta n e o u s  d ec o n ta m in a t io n
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o f  p r e p a r a t i o n s  from 10 specim ens (Simpson and h eed ,  s e e  p, 36 
of  t h i s  t h e s i s )  or th e  u se  of  f i l t e r  paper s t r i p s  on the  
s u r f a c e  o f  s o l i d  medium (Hoyt e t  a l . , .  s e e  p .  38 o f  t h i s  t h e s i s )
-  t h e  need  f o r  m i c r o s c o p i c  exam inat ion  a t  th e  end o f  th e  
i n c u b a t i o n  p e r i o d  cannot  be e l i m i n a t e d .  For t h i s  reason  
and b e c a u s e  the  i n t r o d u c t i o n  o f  an a d d i t i o n a l  procedure  
r e q u i r e s  more s p a c e  and more t e c h n i c a l  a s s i s t a n c e ,  t h e s e  
methods are l e s s  p o p u la r  than t h e y  d e s e r v e  to  be; f o r  example ,  
H e s s e l b e r g  and Oeding (1952-) r e l u c t a n t l y  abandoned th e  u s e  
o f  m i c r o - c u l t u r a l  m e t h o d s - f o r  l a c k  o f  space and l a c k  o f  
s k i l l e d  t e c h n i c i a n s .
l a r y n g e a l - s w s b  c u l t u r e  i s  the  s i m p l e s t  procedure fo r  
th e  i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  from p a t i e n t s  who f a i l  to  
produce  sputum. This  metnod i s  l e s s  e f f i c i e n t  tnan t r a c h e a l  
l a v a g e  or g a s t r i c  l a v a g e  (Lees e t  a l • ,  1955 ,  s e e  p. 46 of  t n i s  
t h e s i s ) ;  on t n e  o th e r  hand, fa v o u r a b le  r e s u l t s  have been o b t a i n ­
ed w i t h  th e  la r y n g e a l - s w a b  method in  o u t - p a t i e n t s  (Forbes  
e t _ j a l . ,  p .  45 o f  t n i s  t h e s i s ) .  From tne  p o in t  o f  view  
of  l a b o r a t o r y  p r o c ed u r e ,  tne  s i m p l i c i t y  o f  swab c u l t u r e  i s  
very  a t t r a c t i v e .  Nassau (1954)  d e s c r i b e s  tne  a p p l i c a t i o n  
o f  t h i s  method t o  sputum c u l t u r e  but f i g u r e s  p ro v id ed  by 
0 fH ea ' (1 9 5 7 ;  t a b l e s  74 t o  79 o f  t h i s  t h e s i s )  show t h a t ,  
a l though  th e  method i s  s a t i s f a c t o r y  f o r  specimens known 
from m ic r o sc o p y  +o c o n ta in  a c i d - f a s t  b a c i l l i ,  i t  i s  
s i g n i f i c a n t l y  i n f e r i o r  to  the  sodium -hydrox ide  metnod in  
specim ens which are  n e g a t i v e  for  a c i d - f a s t  b a c i l l i  by
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m i c r o s  c o p y . Tne r e s u l t s  o f  F o r b e s  e t  a l . ( s e e  p. 44 and 
t a b l e  4 7 )  s u g g e s t  t h a t ,  i n  p a t i e n t s  who can p r o v i d e  
s p e c i m e n s  o f  spu tum ,  even l a r y n g e a l - s w a b  c u l t u r e  w i l l  f a i l  
t o  y i e l d  r e s u l t s  w h ic h  compare f a v o u r a b l y  w i t h  t h o s e  
o b t a i n e d  b y  s t a n d a r d  m e th o d s  o f  spu tum  c u l t u t e .
U nder  p r e s e n t  c o n d i t i o n s  i n  t h i s  c o u n t r y ,  tn e  
e f f i c i e n c y  o f  l a b o r a t o r y  p r o c e d u r e s  a p p l i e d  t o  s p e c im e n s  
f rom t u b e r c u l o u s  p a t i e n t s  d ep e n d s  t o  a g r e a t  e x t e n t  on t n e  
e a s e  w i t h  w h ic h  t h e s e  p r o c e d u r e s  may be a p p l i e d  t o  l a r g e  
numbers  o f  s p e c i m e n s .  Two s im p le  m e th o d s  o f  i s o l a t i n g  
t u b e r c l e  b a c i l l i  f rom sputum m ig h t  be s u f f i c i e n t l y  s e n s i t i v e  
f o r  r o u t i n e  u s e ;  (1 )  3 a x h o lm fs p a n c r e a t i n - d e s o g e n  metnod 
and ( £ )  t h e  c u l t i v a t i o n  o f  t h e  n e u t r a l i s e d  hom ogenate  
p ro d u c e d  by t n e  sodium h y d r o x i d e  m e tn o d ,  o m i t t i n g  c o n c e n ­
t r a t i o n  by c e n t r i f u g a t i o n .  The e f f i c i e n c y  o f  t n e s e  
p r o c e d u r e s  s h o u ld  be i n v e s t i g a t e d  u s i n g  s p e c im e n s  i n  w n ic h  
a c i d - f a s t  b a c i l l i  c a n n o t  be d e m o n s t r a t e d  by m i c r o s c o p y .
S i m p l i c i t y  i n  m e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  
i s  a l s o  i m p o r t a n t  f rom th e  p o i n t  o f  view o f  s a f e t y ;  t n e  
f e w e r  d a n g e r o u s  m a n i p u l a t i o n s  i n v o l v e d  and t h e  s m a l l e r  
t h e  d e g r e e  o f  s k i l l  r e q u i r e d ,  t h e  g r e a t e r  t h e  caanoe  t h a t  
t h e  m ethod  may h e  a p p l i e d  on a l a r g e  s c a l e  w i t h o u t  
b r e a c h  o f  t h e  r u l e s  f o r  the '  s a f e  o p e r a t i o n  o f  a t u b e r c u l o s i s  
l a b o r a t o r y .
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L a b o r a t o r y  w o r x e r s  who h a n d l e  t u b e r c u l o u s  m a t e r i a l  on a l a r g e  
s c a l e  a r e  e x p o se d  t o  t n e  r i s k  o f  c o n t r a c t i n g  t u b e r c u l o s i s *  I t  i s  
no t  e a sy  t o  o b t a i n  f i g u r e s  which, i n d i c a t e  t n e  d e g r e e  of  r i s k  b u t ,  
under  t n e  a u s p i c e s  o f  t h e  N a t i o n a l  A s s o c i a t i o n  f o r  t n e  p r e v e n t i o n  
of  T u b e r c u l o s i s ,  a s p e c i a l  s t u d y  h a s  b ee n  c a r r i e d  o u t  d u r in g  t h e  
pas t  f o u r  y e a r s  by D r .  D ona ld  H e id ,  H eader  i n  t h e  London a c n o o l  of 
Hygiene and T r o p i c a l  M e d i c i n e .  I  am i n d e b t e d  t o  him f o r  p e r m i s ­
s io n  t o  q u o t e  t n e  r e s u l t s  s e t  o u t  i n  t a b l e  52 .  I t  i s  shown t n a t  
l a b o r a t o r y  t e c h n i c a l  s t a f f  have a r a t e  o f  i n f e c t i o n  w i t h  t u b e r c l e  
b a c i l l i  2 t o  4 t i m e s  g r e a t e r  t h a n  t n a t  e x p e r i e n c e d  by tne g e n e r a l  
p o p u l a t i o n .  T a b le  52 i s  o n l y  a summary o f  H e i d l s f i g u r e s ;  h i s  
ana lys i- s  o f  th e  m a t e r i a l  i n  age  g ro u p s  makes i t  c l e a r  t n a t  t h e  
d an g e r  a g e s  f o r  p a t n o l o g i s t s  l i e  b e tw een  35' and 44 y e a r s  and f o r  
t e c h n i c i a n s ,  be tw een  15 and 24 y e a r s .  A d e t a i l e d  account o f  t h i s  
s tu d y  h a s  r e c e n t l y  been  p u b l i s h e d  (H e id ,  1 9 5 7 ) .
The f o l l o w i n g  a d d i t i o n a l  o b s e r v a t i o n s  hav e  been mads. ?7fn e  
h a z a rd s  o f  a c c i d e n t a l  i n f e c t i o n  among l a b o r a t o r y  w o r k e r s  a r e  
becoming a m a t t e r  o f  c o n s t a n t l y  g r e a t e r  c o n c e r n  t o  l a b o r a t o r y  
d i r e c t o r s 11 ( p i s h  and s p e n d l o v e ,  1 9 5 0 ) .  "W ni le  o u r  in fo r m a t io n  
on th e  i n c i d e n c e  o f  l a b o r a t o r y  i n f e c t i o n s  i s  t o o  m eagre  t o  nave  
g re a t  v a l i d i t y ,  i n d i v i d u a l  i n s t a n c e s  o f  t u b e r c u l o s i s  c o n t r a c t e d  
in l a b o r a t o r i e s  w h ic h  employ n o n - t u b e r c u l o u s  p e r s o n n e l  a r e  
known i n  s u f f i c i e n t  numbers  t o  c a u s e  c o n c e r n 17 (A n d e rs o n ,  1 9 5 0 ) .
" • • • • T u b e r c u l o s i s  m o r b id i t y  r a t e s  are c o n s i d e r a b l y  n i g u e r 
for s tu d en t  n u r s e s ,  l a b o r a t o r y  worizers  and m e d ic a l  s tu d e n t s  
than for  o th er  n o s p i t a l  p e r s o n n e l  n e t .
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h a v in g  s i m i l a r  e x p o s u r e  . . . .  and c o n s i d e r a b l y  h i g h e r  th a n  
f o r  young: a d u l t s  n o t  w o rk in g  i n  a h o s p i t a l  e n v i r o n m e n t 11 
( H i g g i n s ,  1 2 5 3 ) .  S u l k i n  and P i k e  (1 2 5 1 a ,  1951b)  g i v e  
i n f o r m a t i o n  a b o u t  a number  o f  d i f f e r e n t  l a b o r a t o r y  i n f e c t i o n s  
i n c l u d i n g  t u b e r c u l o s i s .  They e m p h a s i s e  t h a t  t h e  i n c i d e n c e  
o f  l a b o r a t o r y  i n f e c t i o n s  i s  v e r y  h i g h  i n  p e r s o n s  c a r r y i n g  o u t  
d i a g n o s t i c  p r o c e d u r e s  ( t a b l e  5 3 ) .
T h e re  a r e  s e v e r a l  p o s s i b l e  m echan ism s  o f  l a b o r a t o r y  
i n f e c t i o n  f rom  t u b e r c u l o u s  m a t e r i a l .  R e c e n t l y ,  h o w ev e r ,  
g r e a t  e m p h a s i s  h a s  b e en  l a i d  on t h e  d a n g e r  o f  i n f e c t i o n  by 
t u b e r c l e  b a c i l l i  r e l e a s e d  i n t o  t h e  a tm o s p h e r e  i n  t h e  form of  
an a e r o s o l .  Long (1951)  s t a t e s :  " . . . .  p r o b a b l y  more
e m p h a s is  t h a n  u s u a l  s h o u ld  b e  l a i d  upon m e a s u r e s  t o  p r e v e n t  
c o n t a m i n a t i o n  o f  t h e  a i r .  The p o s s i b i l i t i e s  of  such  
c o n t a m i n a t i o n  a r e  a b u n d a n t . ” E v i d e n c e  s u p p o r t i n g  t h i s  view 
h a s  b ee n  p r o v i d e d  by t h e  work o f  Anderson  e t  a l .  ( 1 2 5 2 ) .
U s in g  c u l t u r e s  o f  Ser r a t i a  i n d i c a  t h e y  d e m o n s t r a t e d  t h a t  many 
l a b o r a t o r y  p r o c e d u r e s  l i b e r a t e  m i c r o - o r g a n i s m s  i n  t n e  form o f  
an a e r o s o l  and t n a t  l a r g e  numbers  o f  o rg a n ism s  a r e  d i s p e r s e d  
i n t o  t h e  a t m o s p h e r e  by  m e th o d s  w h ich  i n v o l v e  s p l a s h i n g  or 
b u b b l i n g .  S a f e t y  m e a s u r e s  recommended f o r  t u b e r c u l o s i s  
l a b o r a t o r i e s  m u s t  t h e r e f o r e  i n c l u d e  some method o f  d e a l i n g  
w i t h  d a n g e r o u s  a e r o s o l s .  Wedum, q u o te d  by Anderson  (1 2 5 0 )  
c o n s i d e r s  " t h a t  t n e  m os t  i m p o r t a n t  s i n g l e  i t e m  i n  a l a b o r a t o r y
s a f e t y  programme i s  t h e  p r o v i s i o n  o f  a d e q u a t e  b a c t e r i o l o g i c a l  
t r a n s f e r  c a b i n e t s  p r o p e r l y  e q u i p p e d  w i t h  v e n t i l a t i n g  d e v i c e s  
so  t h a t  a e r o s o l s  w i l l  b e  sw ep t  aw ay ."  T h i s  k i n d  o f  
a p p a r a t u s  h a s  b e e n  recommended by many o t h e r s ;  f o r  e x am p le ,  
p i s h  and S p e n d lo v e  ( 1 9 5 0 ) ,  Gray and M a t t i n s o n  ( 1 9 5 2 ) ,  
S o l o t o r o v s k y  e t  a l . ( 1 9 5 2 ) ,  J e n s e n  ( 1 9 5 4 ) .  Some o f  t h e s e  
w o r k e r s  make u s e  o f  u l t r a - v i o l e t  i r r a d i a t i o n  i n  t h e i r  s a f e t y  
hoods b u t  a l t h o u g h  W e l l s  and L u r i e  (1 9 4 1 )  d e m o n s t r a t e d  t h a t  
u l t r a - v i o l e t  i r r a d i a t i o n  p r e v e n t e d  c r o s s - i n f e c t i o n  by t h e  
t u b e r c l e  b a c i l l u s  i n  r a b b i t s ,  Hobby and L e n e r t  ( 1 9 5 5 )  b e l i e v e  
t h a t  u l t r a - v i o l e t  i r r a d i a t i o n  c a n n o t  p r o t e c t  l a b o r a t o r y  w o r k e r s  
from t h e  i m m e d ia t e  d a n g e r  o f  a c c i d e n t s  i n  w h ic h  l a r g e  numbers 
of  t u b e r c l e  b a c i l l i  a r e  r e l e a s e d  i n t o  t h e  a t m o s p h e r e .  In  
a d d i t i o n  t o  o t h e r  p r e c a u t i o n s  Gray and M a t t i n s o n  recommend t h e  
u s e  o f  m ask s  t o  p r e v e n t  l a b o r a t o r y  i n f e c t i o n .  In  t h i s  
c o n n e c t i o n  i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  L u r i e  and Abramson. 
(1949) d e m o n s t r a t e d  t h a t  e f f i c i e n t  gauze  m asks  (2 o r  6 l a y e r s  
of  gauze  w i t h  40 x  44 t h r e a d s  p e r  s q u a r e  i n c h )  gave c o n s i d e r a b l e  
p r o t e c t i o n  t o  r a b b i t s  e x p o s e d  t o  a e r o s o l s  c o n t a i n i n g  v i r u l e n t  
bov ine  t u b e r c l e  b a c i l l i .  They fo u n d  t h a t  masked r a b b i t s  had 
"a 90 t o  95 p e r  c e n t ,  r e d u c t i o n  i n  t h e  i n c i d e n c e  o f  p r i m a r y
pulmonary  t u b e r c u l o u s  f o c i  w h ic h  d e v e l o p  w i t h i n  5 weeks ..........
Indeed  12 o f  20 masked  a n i m a l s  were  c o m p l e t e l y  p r o t e c t e d  a g a i n s t  
a i r b o r n e  c o n t a g i o n  o f  s u c h  i n t e n s i t y  t h a t  f rom 29 t o  1027 
t u b e r c l e  b a c i l l i  u n i t s  w e re  d e p o s i t e d  i n  t h e  l u n g s  o f  
s i m u l t a n e o u s l y  e x p o s e d  unmasked r a b b i t s . "  L u r i e  and Abramson
a re  e x t r e m e l y  g u a r d e d  a b o u t  t h e  p o s s i b i l i t y  o f  p r o t e c t i n g  
human b e i n g s  by m asks  and s t a t e  " . . .  i f  t h e  f ram e  i n t o  w h ic h  
th e  m ask  f i t t e d  c o u l d  be  c o n s t r u c t e d  o f  p l i a b l e  m a t e r i a l  w h ic h  
could  be  a c c u r a t e l y  a p p l i e d  t o  t h e  c o n t o u r  o f  t h e  i n d i v i d u a l s  
f a c e  a r o u n d  t h e  n o s e  and m o u th ,  and i f  t h i s  c o n t a c t  c o u ld  be 
made a i r - t i g h t  t h e r e  i s  no r e a s o n  t o  b e l i e v e  t h a t  t h e  m asks  
cou ld  n o t  e f f e c t u a l l y  f i l t e r  o u t  t h e  d a n g e r o u s  i n v i s i b l e  
p a r t i c l e s  t h a t  a r e  c o n c e r n e d  w i t h  t h e  i n c e p t i o n  o f  p u lm o n a ry  
t u b e r c u l o s i s . ”
The m e a s u r e s  i n d i c a t e d  above  have  an a p p l i c a t i o n  i n  
a l l  l a b o r a t o r i e s  d e a l i n g  w i t h  t u b e r c u l o u s  m a t e r i a l  b e c a u s e ,  
no m a t t e r  how c a r e f u l l y  t h i s  m a t e r i a l  i s  m a n i p u l a t e d ,  a t  l e a s t  
a few t u b e r c l e  b a c i l l i  may be r e l e a s e d  i n t o  t h e  a t m o s p h e r e .
AS a l e a d i n g  a r t i c l e  i n  t h e  L a n c e t  (1952 ) s u g g e s t s  " I n o c u l a t i o n  
hoods s h o u ld  be  u s e d  more  w i d e l y  . . . ” The same a r t i c l e  s t a t e s  
t h a t  "many l a b o r a t o r y  i n f e c t i o n s  a r e  s e e n  i n  r e t r o s p e c t  t o  hav e  
been a v o i d a b l e . "  A nderson  (1 9 5 0 )  e x p r e s s e s  t h e  o p i n i o n  " t h a t  
the  u se  o f  t e c h n i q u e s  w h ic h  a v o i d  h eav y  e x p o s u r e  w i l l  u n d o u b t e d l y  
r e d u c e  t h e  i n c i d e n c e  o f  l a b o r a t o r y  i n f e c t i o n . "  I t  would  be 
p r o f i t a b l e ,  t h e r e f o r e ,  t o  exam ine  f rom  t h e  p o i n t  o f  v iew o f  
s a f e t y  common p r o c e d u r e s  a d o p t e d  i n  t h e  h a n d l i n g  o f  t u b e r c u l o u s  
m a t e r i a l .  As Gray  and M a t t i n s o n  p o i n t  o u t ,  " a n y  l a b o r a t o r y  
m a n i p u l a t i o n  o f  m a t e r i a l s  c o n t a i n i n g  l i v i n g  t u b e r c l e  b a c i l l i  
i n v a r i a b l y  i n v o l v e s  a c o n s i d e r a b l e  d e g r e e  o f  r i s k ,  b u t  
t h ro u g h  common u s a g e  some p r o c e d u r e s  have  come t o  be r e g a r d e d
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as  l e s s  d a n g e r o u s  t h a n  o t h e r s . "
The d a n g e r s  o f  m e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i . Two 
o p e r a t i o n s  common t o  many m e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  
from spu tum  a r e  p a r t i c u l a r l y  l i k e l y  t o  r e l e a s e  d a n g e r o u s  
a e r o s o l s :  ( 1 )  t h e  u s e  o f  s h a k i n g  i n  o r d e r  t o  hom ogen ise
s p e c im e n s  c o n t a i n i n g  l a r g e  numbers  o f  t u b e r c l e  b a c i l l i ;  and
(2)  t h e  c e n t r i f u g a t i o n  o f  h o m o g en a te s  p r e p a r e d  f rom  s u c h  s p e c i m e n s .  
S h a k i n g : T h i s  p r o c e d u r e  i s  w i d e l y  recommended t o  e n s u r e  t h e
e f f i c i e n c y  o f  t h e  common a c i d  o r  a l k a l i  m e th o d s  o f  h o m o g e n i s in g  
and d e c o n t a m i n a t i n g  s p u tu m .  R e c e n t l y  m e c h a n i c a l  s h a k in g  
d e v i c e s  h a v e  become v e r y  p o p u l a r  and a Commit tee  o f  t h e  
A m e r i c a n .T ru d e a u  S o c i e t y  (1 9 4 6 )  s t a t e s :  wt h e  Com m it tee  on
E v a l u a t i o n  o f  L a b o r a t o r y  P r o c e d u r e s  h a s  v o t e d  to  recommend more 
w i d e s p r e a d  a d o p t i o n  o f  s h a k i n g  m a c h i n e s  f o r  t h e  h o m o g e n i s a t i o n  
o f  sputum f o r  c u l t u r e s  i n  t h e  b e l i e f  t h a t  t h e r e  w i l l  r e s u l t  
not  o n l y  a g r e a t  s a v i n g  o f  human t im e  and e f f o r t ,  b u t  a l s o  t h a t  
the  q u a l i t y  o f  w o rk  w i l l  be i m p r o v e d . "  The u s e  o f  t h i s  k in d  
o f  a p p a r a t u s  w i l l  s u r e l y  " r e s u l t  n o t  o n l y  i n  a g r e a t  s a v i n g  i n  
human t i m e  and e f f o r t "  b u t  a l s o  i n  t h e  p r o d u c t i o n  o f  v e r y  
d a n g e ro u s  a e r o s o l s  f rom sputum c o n t a i n i n g  l a r g e  numbers o f  
t u b e r c l e  b a c i l l i ;  t h e  need f o r  t h i s  k i n d  o f  a p p a r a t u s  i s  
p r o b a b l y  r e s t r i c t e d  t o  s p e c im e n s  n e g a t i v e  f o r  t u b e r c l e  b a c i l l i  
by m i c r o s c o p y  b u t  t h e  s t a t e m e n t  by t h e  co m m it tee  d o e s  n o t  make 
t h i s  c l e a r .  M o r e o v e r ,  C o l l i n s  (1 9 5 1 )  fo und  t h a t ,  i n  c o m p a r i s o n
u y
w i t h  s n a k i n g  by  h a n d ,  s h a k i n g  i n  a m a c h i n e ,  a l t h o u g n  i t  
r e d u c e d  t n e  i n c i d e n c e  o f  c o n t a m i n a t i o n  w i t n  t n e  o x a l i c  a c id  
method f rom  8 . 9  t o  5 . 3  p e r  c e n t * ,  y i e l d e d  o n ly  a s l i g h t  
i n c r e a s e  i n  t n e  e f f i c i e n c y  w i t h  w h i c h  t u b e r c l e  b a c i l l i  w e re  
i s o l a t e d  ( t a b l e  5 4 ) .  I t  m us t  be e m p h a s i s e d ,  h o w ev er ,  t h a t  
t h e  tw o  p r o c e d u r e s  w ere  n o t  e v a l u a t e d  w i t h  t h e  same spec im ens  
of  spu tum;  f o r  t h i s  r e a s o n  t h e  r e s u l t s  a r e  s u g g e s t i v e  r a t h e r  
t h a n  c o n c l u s i v e .
O e n t r i f u g a t i o n : At f i r s t  s i g h t  t h i s  seems an u n l i k e l y  s o u r c e
o f  d a n g e r  f rom a e r o s o l s  b e c a u s e  h o m o g e n a te s  a r e  c e n t r i f u g e d  i n  
s c r e w - c a p p e d  c o n t a i n e r s .  Tne re .  a r e  two r e a s o n s  why t h i s  
o p e r a t i o n  i s  l e s s  s a f e  t h a n  m ig h t  be  i m a g i n e d .  h i r s t ,  a s m a l l  
amount o f  h o m o g en a te  may r e a c h  t h e  u p p e r  p a r t  o f  t n e  o u t s i d e  
o f  t h e  c o n t a i n e r  d u r i n g  s h a k i n g ,  i n c u b a t i o n  or  when t n e  s u p e r ­
n a t a n t  f l u i d  i s  d e c a n t e d  when w a s h in g  hom ogen ised  m a t e r i  a l  ?  ^-i..n l
m a t e r i a l  on t h e  o u t s i d e  o f  t h e  c o n t a i n e r  may e a s i l y  b e  c o n v e r t e d  
i n t o  an a e r o s o l  d u r i n g  c e n t r i f u g a t i o n .  S econd ,  t n e  c o n t a i n e r  
ipay be  smashed i n  t h e  c e n t r i f u g e .  Smasning  of  t n e  c o n t a i n e r  
i s  a r a r e  e v e n t  bu t  i f  h e a v i l y  i n f e c t e d  m a t e r i a l  i s  p r e s e n t ,  
i t  w i l l  c e r t a i n l y  r e l e a s e  a v e r y  d a n g e r o u s  a e r o s o l .  The 
d a n g e r s  o f  a e r o s o l  p r o d u c t i o n  by c e n t r i f u g a t i o n  o f  s c r e w -  
capped C o n t a i n e r s  h a s  r e c e n t l y  been  s t u d i e d  i n  d e t a i l  by 
W h i tw e l l  e t  a l . (1957 ) .  They u s e d  Ser r a t i a  a s  an i n d i c a t o r  
o r sa n i sm  and d e m o n s t r a t e d  v e r y  c o n v i n c i n g l y  t h a t  txie u s e  of  
S c re w -ca o o e d  c o n t a i n e r s  d o e s  n o t  p r e v e n t  t n e  r e l e a s e  o f
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a e r o s o l s  d u r in g ;  c e n t r i f u g a t i o n .
s a f e t y  i s  se ldom  m e n t io n e d  in  p a p e r s  w h ic h  d e s c r i b e  
or a s s e s s  m e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom s p u tu m .
G-ray and M a t t i n s o n  (1952)  a r e  t h e  o n ly  w o r k e r s  who m ale  a 
c r i t i c a l  a s s e s s m e n t  of  t h e  p o s s i b l e  d a n g e r s  o f  a new p r o c e d u r e .  
I n  t h e i r  i n v e s t i g a t i o n  o f  t h e  p o s s i b i l i t y  o f  i s o l a t i n g  tu b e r c l e ,  
b a c i l l i  by t h e  i n t r a n a s a l  i n o c u l a t i o n  o f  m ice  w i t h  t u b e r c u l o u s  
m a t e r i a l ,  t h e y  examined t h e  i n c i d e n c e  o f  c r o s s - i n f e c t i o n  i n  
l a b o r a t o r y  a n i m a l s  and a s s e s s e d  t h e  r i s k  t o  t h e  w o ru e r  
o p e r a t i n g  t h e  p r o c e d u r e .  They found  (1 )  t n a t  m ic e  i n o c u l a t e d  
i n t r a n a s a l l y  w i t h  t u b e r c u l o u s  m a t e r i a l  c o u l d  t r a n s m i t  i n f e c t i o n  
t o  u n i n o c u l a t e d  m ice  h o u se d  i n  t n e  same ca g e ;  (2)  t n a t  c r o s s -  
i n f e c t i o n  c o u ld  be d e m o n s t r a t e d  i n  h e a l t h y  m ic e  h o u se d  c l o s e  t o  
g u i n e a  *pigs i n f e c t e d  w i t h  t u b e r c l e  b a c i l l i  and (b )  t n a t  
" i n t r a n a s a l  i n o c u l a t i o n ,  p r o p e r l y  p e r f o r m e d ,  i s  n o t  l i k e l y  t o  
i n c r e a s e  t h e  a l r e a d y  p r e s e n t  r i s k  t o  t n e  o p e r a t o r s  and a t t e n -  
d a n t s * TT They e m p h a s i s e  t h e  need  f o r  s p e c i a l  s a f e t y  p r e c a u t i o n s  
i n  d e a l i n g  w i t h  t u b e r c u l o u s  m a t e r i a l  ( s e e  p .  55 of  t h i s  t h e s i s ) * -  
A ga in ,  J e n s e n ’ s (1 9 5 4 )  r e v iew  o f  p r o c e d u r e s  u sed  i n  t u b e r c u l o s i s  
l a b o r a t o r i e s  i s  one o f  t h e  few w h ic h  makes i t  c l e a r  t n a t  t h o s e  
who o p e r a t e  t h e s e  p r o c e d u r e s  must  be a d e q u a t e l y  p r o t e c t e d ;  
n o t  o n l y  d o e s  he l a y  down s a f e t y  r u l e s  f o r  l a b o r a t o r y  s t a f f  
b u t  he s e e s  f i t  t o  i n c l u d e  a p h o t o g r a p h i c  i l l u s t r a t i o n  o f  a 
bench e q u ip p e d  w i t h  a p r o p e r l y  v e n t i l a t e d  i n o c u l a t i o n  h o o d .
Most  o f  t n e  o t h e r s  who w r i t e  a b o u t  r o u t i n e  p r o c e d u r e s
t o  be ad o p ted  i n  d e a l i n g  w i t h  t u b e r c u l o u s  m a t e r i a l  seem t o  
be unaw are  o f  t n e  d a n g e r s  o f  a e r o s o l  p r o d u c t  i o n .  In t h e  
i n t r o d u c t i o n  t o  h i s  s u r v e y  o f  m e thods  o f  d e m o n s t r a t i n g  
t u b e r c l e  b a c i l l i  i n  sp u tu m ,  B ak e r  (1951)  s p a t e s :  " In  a
l a b o r a t o r y  w h e re  t w e n t y  t o  t h i r t y  c o n c e n t r a t i o n s  and c u l t u r e s  
have t o  b e  c a r r i e d  o u t  e ac h  d a y ,  i n  a d d i t i o n  t o  d i r e c t  e x a m in ­
a t i o n s ,  a s i m p l e  method o f  c o n c e n t r a t i o n  i s  n e c e s s a r y ,  so  tn - t -  
a r e l a t i v e l y  j u n i o r  t e c h n i c i a n  can be " s a f e l y" l e f t  t o  c a r r y  
ou t  t h e  i n i t i a l  t e c h n i q u e s .  I t  was w i t h  t h i s  view i n  mind 
t h a t  t h i s  s u r v e y  was i n i t i a t e d . "  A l l  t h e  m e tn o d s  he t e s t e d  
i n v o l v e  t h e  u s e  o f  a c e n t r i f u g e ;  a l l  e x c e p t  t h e  a c i d - i r o n -  
p e r o x i d e  m ethod  ( s e e  below) i n v o l v e  s n a k i n g  t u b e r c u l o u s  m a t e r i a l *  
He d o e s  n o t  u s e  t h e  word " s a f e t y "  e l s e w h e r e  i n  h i s  p a p e r  and i t  
must  b e * c o n c l u d e d  t h a t ,  i n  common w i t h  m os t  w o r k e r s  i n  t h i s  
f i e l d ,  he i s  so  a n x i o u s  t o  e n s u r e  t h e  e f f i c i e n c y  o f  t h e  methods  
t h a t  he o v e r l o o k s . t h e  p o s s i b i l i t y  t h a t  t n e y  may be dangeroufc to  
t h o s e  who o p e r a t e  th e m .
Again  A n d erso n  e t  a l * ( 1 9 5 5 ) ,  i n  a c r i t i c a l  a r t i c l e  "Use 
and a b u s e  o f  Jungrnann 's  method f o r  t h e  l i q u e f a c t i o n  o f  t u b e r c u ­
l o u s  s p u t a , "  e m p h a s i s e  t h a t  " t h o s e  who have  worked w i t h  t h e  
t e c h n i q u e  ( J u n g rn a n n 's  a c i d - i r o n - p e r o x i d e  m e th o d )  i n  t h i s  
l a b o r a t o r y  h a v e  found  s p u t a  e a s i e r  and c l e a n e r  to  h a n d l e  t h a n  
w i th '  o t h e r  m e t n o d s ,  and t h e r e f o r e  a w i d e r  m a r g in  o f  s a f e t y  
i s  p r o v id e d  -men d e a l i n g  w i t h  l a r g e r  numbers  o f  sp ec im e n s  
Although  t n e  a c i d - i r o n - p e r o x i d e  method d o e s  n o t  i n v o l v e  s h a n i n g ,  
Anderson e t  a l . seem unaw are  t n o t  a d a n g e r o u s  a e r o s o l  may­
be c r e a t e d  by t n e  e f f e r v e s c e n t
hom ogena te  p ro d u c ed  when t h i s  method i s  used  w i t h  3 outurn 
c o n t a i n i n g  l a r ^ e  numbers  o f  v i a o l e  t u b e r c l e  b a c i l l i .
I n  an e v a l u a t i o n  o f  h i s  p a n c r e a t i n - d e s o g e n  m e tn o d ,  dax rc lm  
(1954)  s t a t e s :  "It-  seems t h a t  t h e  r i s k  o f  l a b o r a t o r y  i n f e c t i o n
would be r e d u c e d  w i t h  t h i s  method b e c a u s e  f ew er  m a n i p u l a t i o n s  
a r e  r e q u i r e d . n T h i s  seems i n c o n t e s t a b l e  b u t  i n  d e s c r i b i n g  
t h e  metnod he  s t a t e s :  n * . . . . t h e  l i q u e f i e d  c o n t e n t s  w e re  s u c r s d
up i n  a p a s t e u r  p i p e t t e  and blown ou t  s e v e r a l  t i m e s  . . . . ,T; t n e  
l i k e l i h o o d  o f  c r e a t i n g  d a n g e r o u s  a e r o s o l s  by su ch  a p r o c e d u r e  i 
d e m o n s t r a t e d  by A nderson  e t  a l . (1952)  and must  be t a k e n  i n t o  
a c c o u n t  i n  a s s e s s i n g  t h e  s a f r - ty  o f  t h i s  m e th o d .
The p r o d u c t i o n  o f  d a n g e r o u s  a e r o s o l s  by th e  common m ethods  
o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  d e p e n d s  on t h e  numbers o f  t u b e r o l  
b a c i l l i  i n  t h e  m a t e r i a l  e x a m in e d .  O'Hea (1957)  s u g g e s t s  t h a t  
t h e  r i s k s  a t t a c h e d  t o  t h e s e  method.s would be r e d u c e d  by r e s t r i c  
i n g  t h e i r  u s e  t o  s p e c i m e n s  i n  w nich  a c i d - f a s t -  b a c i l l i  c a n n o t  
be  d e m o n s t r a t e d  by m i c r o s c o p y .  He d e m o n s t r a t e d  t n a t ,  w i t h  
sp ec im e n s  c o n t a i n i n g  s u f f i c i e n t  t u b e r c l e  b a c i l l i  t o  g iv e  p o s i t i  
r e s u l t s  by m i c r o s c o p y ,  over  90 p e r  c e n t ,  o f  p o s i t i v e  r e s u l t s  
may be o b t a i n e d  by t h e  s im p l e  s w a b - c u l t u r e  method d e s c r i b e d  by 
Nassau in  1954  ( s e e  t a b l e  74 o f  t h i s  t h e s i s ) ;  t h i s  metnod 
a v o i d s - t h e  d a n g e r  o f  a e r o s o l  p r o d u c t i o n  by h o m o g e n i s a t i o n  and 
■ c e n t r i f u g a t i o n .
The-danger o f  s e n s i t i v i t y  t e s t s . The m e d ic a l  h e s e a r c h  Council
( 1953b) recommended t h e  u s e  o f  T w e en -a lb u m in  f l u i d  medium f o r  
t e s t i n g  t h e  s e n s i t i v i t y  o f  t u b e r c l e  b a c i l l i  t o  s t r e p t o m y c i n  
and p a r a - a m i n o s a l i c y l i c  ; a c i d .  Two q u a l i t i e s  o f  t h i s  medium 
i n c r e a s e  t h e  l i k e l i h o o d  o f  e x p o s i n g  t h e  o p e r a t o r  t o  a e r o s o l s  
c o n t a i n i n g  l a r g e  num bers  o f  t u b e r c l e  b a c i l l i :  (1 )  i t  p r o d u c e s
a h e a v y ,  w e l l - d i s p e r s e d  g r o w th  o f  t u b e r c l e  b a c i l l i ;  ( 2 )  i t  
has  a low s u r f a c e  t e n s i o n  f a v o u r i n g  t h e  c r e a t i o n  o f  b u b b l e s  
d u r i n g  m a n i p u l a t i o n .  N as sa u  ( 1 9 5 4 ) s t a t e s :  "The u s e  o f
l i q u i d  m e d ia  f o r  s e n s i t i v i t y  t e s t i n g  h a s  been  s u p e r s e d e d  by  
s o l i d  m e d ia  em ployed  f o r  r o u t i n e  c u l t u r e .  The h a n d l i n g  o f  
l i q u i d  c u l t u r e s  r e q u i r e s  c o n s i d e r a b l e  s k i l l ,  an d ,  ev en  t h e n ,  
i s  no t  w i t h o u t  d a n g e r  t o  t h e  o p e r a t o r . "  A l th o u g h  t h e  u s e  o f  
s o l i d  m e d ia  f o r  s e n s i t i v i t y  t e s t s  may be  s a f e r  t h a n  t h e  u s e  o f  
l i q u i d  m e d i a ,  t h e  p r e p a r a t i o n  o f  t h e  in o c u lu m  f o r  s o l i d  m ed ia  
may p r o d u c e  a d a n g e r o u s  a e r o s o l .  Nor e x a m p le ,  i n  a method 
d e s c r i b e d  by  N a s s a u  ( 1 9 5 4 ) ,  " a  s t a n d a r d  l o o p f u l  o f  t h e  g row th  
i s  r u b b e d  up i n  a Wassermann o r  o t h e r  s t e r i l e  t u b e  w i t h  0*5 m l .  
S t e r i l e  d i s t i l l e d  w a t e r . "  T h i s  p r o c e d u r e  t o o  " i s  n o t  w i t h o u t  
danger  t o  t h e  o p e r a t o r . "
T h e r e f o r e ,  i n  a d d i t i o n  t o  g e n e r a l  m e a s u r e s  f o r  t h e  
p r o t e c t i o n  o f  t h e  o p e r a t o r ,  a t t e n t i o n  s h o u ld  be p a i d  t o  t h e  
p o s s i b i l i t y  o f  m i n i m i s i n g  t h e  p r o d u c t i o n  o f  d a n g e r o u s  a e r o s o l s  
in  t h e  p r e p a r a t i o n  o f  i n o c u l a  f o r  s e n s i t i v i t y  t e s t s .  Two 
p o s s i b l e  m e th o d s  o f  a c h i e v i n g  t h i s  s h o u ld  be ex a m in ed .  F i r s t ,  
in  t e s t s  mad© d i r e c t l y  f rom sp u tu m ,  t h e  in o c u lu m  m i g h t  be 
p r e p a re d  b y  3axho lm *s  m ethod s u i t a b l y  m o d i f i e d  i n  o r d e r  t o
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avoid +:-je v i o l e n t  e x p u l s io n  o f  tu b e r c u lo u s  m a t e r i a l  ^rom a 
p a s te u r  p i p e t t e ;  a l t e r n a t i v e l y ,  a n e u t r a l i s e d  sodium 
h y d r o x i d e  h o m o g e n a te ,  p r e p a r e d  w i t h o u t  v i o l e n t  a g i t a t i o n  of  
t h e  t u b e r c u l o u s  m a t e r i a l ,  c o u l d  be u s e d  f o r  t h i s  p u rp o s e  
w i t h o u t  p r e l i m i n a r y  c e n t r i f u g a t i o n .  S ec o n d ,  i f  s e n s i t i v i t y  
t e s t s  h av e  t o  be made f rom  c u l t u r e s  o f  t u b e r c l e  b a c i l l i ,  
e m u l s i f i c a t i o n  o f  t h e  p r im a r y  g row th  s h o u ld  be avo id ed ;  i t  
m igh t  be s a f e r  t o  i n o c u l a t e  s e n s i t i v i t y  t e s t  m ed ia  from t h e  
c o n d e n s a t i o n  w a t e r  o r  f rom a s u i t a b l e  f l u i d  medium in  c o n t a c t  
w i th  t h e  p r i m a r y  g r o w t h .  E n c o u r a g i n g  p r e l i m i n a r y  r e s u l t s  w i t n  
such  a m ethod  nav e  b ee n  o b t a i n e d  by McKaught ( i n  p r e s s ) .
Q o n c lu s i  o n s .
(1 )  There  i s  a need  f o r  s i m p l i c i t y  i n  m e th o d s  o f  i s o l a t i n g  
t u b e r c l e  b a c i l l i  n o t  o n ly  i n  o r d e r  t o  a l l o w  l a r g e  numbers of  
sp e c im e n s  t o  be h a n d l e d  c o n v e n i e n t l y  and e f f i c i e n t l y  but a l s o  
t o  p e r m i t  t h e  o p e r a t o r  t o  pay due a t t e n t i o n  t o  f a c t o r s  w hich  
make f o r  s a f e t y  i n  h i s  w o r k .  E x i s t i n g  m ethods  m ig h t  be 
a p p l i e d  w i t h o u t  g r e a t  l o s s  o f  e f f i c i e n c y  by e m i t t i n g  c e n t r i f u g ­
a t i o n .
(2)  R e id  (1 9 5 7 )  c o n f i r m e d  t h e  g e n e r a l  b e l i e f  t n a t  i t  i s  dangerous  
t o  h a n d l e  t u b e r c u l o u s  m a t e r i a l *  In  m e a s u r e s  d e s i g n e d  to  
m in im is e  t h e  d a n g e r ,  e m p h a s i s  i s  p l a c e d  on t h e  u s e  o f  apparatus  
d e s ig n e d  t o  remove d a n g e r o u s  a e r o s o l s  f rom t h e  im m e d ia te  v i c i n i t y .
(3)  D e s p i t e  r e c e n t  e m p h a s i s  on tne  danger o f  i n f e c t i o n  from 
a e r o s o l s ,  very  l i t t l e  a t t e n t i o n  h a s  been  paid t o  t n i s  p o in t
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i n  t h e  a s s e s s m e n t  o f  m e th o d s  f o r  t h e  r o u t i n e  i s o l a t i o n  o f  
t u b e r c l e  b a c i l l i  f ro m  s p u tu m .
(4 )  S t a n d a r d  m e th o d s  o f  s e n s i t i v i t y  t e s t i n g  a r e  p a r t i c u l a r l y  
d a n g e r o u s ;  s a f e r  m e th o d s  a r e  n e ed ed ;  e x i s t i n g  m e th o d s  s h o u ld  
on ly  be  o p e r a t e d  i n  a p r o p e r l y  v e n t i l a t e d  s a f e t y  h o o d .
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(1 )  I t  i s  p o s s i b l e  t o  o b t a i n  s t a t i s t i c a l l y  s i g n i f i c a n t  
r e s u l t s  c o n c e r n i n g  t h e  e f f i c i e n c y  o f  m e th o d s  o f  i s o l a t i n g  
t u b e r c l e  b a c i l l i  f rom  sputum  by  c o m p a r in g  d i f f e r e n t  m ethods  
u s i n g  s p e c im e n s  o f  spu tum  l i k e l y  t o  c o n t a i n  few t u b e r c l e  
b a c i l l i .  The c o n c l u s i o n s  r e a c h e d  i n  a l a r g e  t r i a l  o f  t h i s  
k ind  by t h e  P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  may be  r e c o n c i l e d  
to  some e x t e n t  w i t h  c o n t r a d i c t o r y  r e s u l t s  o b t a i n e d  by o t h e r  
w o rk e rs  i n  l e s s  s a t i s f a c t o r y  t r i a l s .
(2)  T r i a l s  w i t h  s p e c im e n s  o f  sputum e s t a b l i s h  o n ly  w h ic h  o f  t h e  
e x i s t i n g  m e th o d s  i s  most  e f f i c i e n t ;  t h e y  a r e  u n a b l e  t o  m easu re  
th e  e f f i c i e n c y  o f  a g i v e n  m ethod in- a b s o l u t e  t e r m s .  I t  i s  
t h e r e f o r e  i m p o s s i b l e  t o  d e c i d e  f rom  t h e s e  t r i a l s  w h e t h e r  a 
f u r t h e r  s e a r c h  f o r  more e f f i c i e n t  m e th o d s  i s  w o r t h  w h i l e .
(3)  Q u a n t i t a t i v e  s t u d i e s  o f  m e thods  o f  i s o l a t i n g  t u b e r c l e  
b a c i l l i  f rom  s p u tu m  s u g g e s t  t h a t  m o s t  m e th o d s  k i l l  a t  l e a s t  
h a l f  o f  t h e  v i a b l e  t u b e r c l e  b a c i l l i  t r e a t e d .  N e v e r t h e l e s s ,
one o f  t h e  l e a s t  l e t h a l  m e th o d s  as  fudged  by q u a n t i t a t i v e  s t u d i e s  
i s  t h e  l e a s t  e f f i c i e n t  f o r  t h e  i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  
from a s e r i e s  o f  s p e c i m e n s  o f  sputum i n  a w e l l  c o n t r o l l e d  
com par ison  w i t h  o t h e r  m e t h o d s .  Q u a n t i t a t i v e  s t u d i e s  o f  a 
method m ust  t h e r e f o r e  be  s u p p le m e n t e d  w i t h  t r i a l s  o f  t h e  method 
in c o m p a r i s o n  w i t h  some s t a n d a r d  method i n  a s e r i e s  o f  sp ec im e n s  
of spu tum .
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(4 )  Of t h e  m e th o d s  r e c e n t l y  d e s c r i b e d  f o r  t n e  i s o l a t i o n  
o f  t u b e r c l e  b a c i l l i  f rom s p u tu m ,  S a x h o lm 's  p a n c r e a t i n -  
d@sogen m e th o d  d e s e r v e s  f u r t h e r  t r i a l  b e c a u s e  i t  i s  s i m p l e  
and i s  a p p a r e n t l y  a s  e f f i c i e n t  a s  t h e  sodium h y d r o x i d e  
method — t h e  m os t  e f f i c i e n t  o f  t h e  4 m e th o d s  e v a l u a t e d  
i n  t h e  P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  t r i a l .
(5 )  M i c r o - c u l t u r a l  m e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  
from sputum  g i v e  much e a r l i e r  r e s u l t s  t h a n  s t a n d a r d  m e t h o d s .  
Under  c e r t a i n  c o n d i t i o n s  t h e y  may be  as  e f f i c i e n t  a s  o r  more 
e f f i c i e n t  t h a n  s t a n d a r d  m e th o d s .  F o r  t h e i r  r o u t i n e  a p p l i c a t i o n  
t h e y  r e q u i r e  e x t r a  s p a c e  and g r e a t e r  numbers  o f  s k i l l e d  w o r k e r s  
f o r  t h e i r  e f f i c i e n t  o p e r a t i o n .  A s i m p l e  method o f  m i c r o ­
c u l t u r e  m ig h t  u s e f u l l y  be  a p p l i e d  w i t h o u t  much e x t r a  l a b o u r
i n  t e s t s  o f  t h e  s e n s i t i v i t y  o f  t u b e r c l e  b a c i l l i  t o  a n t i -  
t u b e r c u l o u s  d r u g s .
(6)  L a r y n g e a l  swab c u l t u r e  i s  t h e  s i m p l e s t  p r o c e d u r e  f o r  
i s o l a t i n g  ' t u b e r c l e  b a c i l l i  f rom t u b e r c u l o u s  p a t i e n t s  who
a re  u n a b l e  t o  p r o v i d e  sp u tu m .  F u r t h e r  s t u d y  o f  t h i s  m ethod  
i s  d e s i r a b l e  i n  o r d e r  t o  e s t a b l i s h  w h e th e r  i t  m ig h t  be 
g e n e r a l l y  a d o p t e d  i n  p a t i e n t s  who e i t h e r  a r e  u n a b l e  t o  p ro d u c e  
sputum o r  w hose  sp u tu m  h a s  b e e n  exam ined  w i t h  n e g a t i v e  r e s u l t s .
(7)  E x i s t i n g  m e th o d s  o f  t e s t i n g  t h e  s e n s i t i v i t y  o f  t u b e r c l e  
b a c i l l i  t o  a n t i t u b e r c u l o u s  d r u g s  expose  t h e  o p e r a t o r  t o  a e r o s o l s  
c o n t a i n i n g  l a r g e  numbers  o f  t u b e r c l e  b a c i l l i .
( 8 )  M e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  a r e  d a n g e r o u s
t o  t h e  o p e r a t o r .  T h i s  d a n g e r  h a s  n o t  b ee n  f u l l y  a p p r e c i a t e d
by many o f  t h e  w o r k e r s  i n  t h i s  f i e l d  b e c a u s e  o f  t h e  e m p h a s is
p l a c e d  on e f f i c i e n c y  o f  t h e s e  m e thods  t o  t h e  e x c l u s i o n  o f
o t h e r  i m p o r t a n t  f e a t u r e s  and b e c a u s e  t h o s e  who o p e r a t e  t h e s e
m e th o d s  a r e  e i t h e r  u n f a m i l i a r  w i t h  t h e  d a n g e r  o f  t h e  m e th o d s
o r  have  o p e r a t e d  them  o v e r  s u c h  a l o n g  p e r i o d  t h a t  t h e y  hav& 
come t o  d i s r e g a r d  t h e  d a n g e r .
(9 )  S i m p l i f i c a t i o n  o f  l a b o r a t o r y  p r o c e d u r e s  would ' l e s s e n  
t h e i r  d a n g e r  t o  t h e  o p e r a t o r  b u t  i t  i s  n e c e s s a r y  t o  p r o v i d e  
o t h e r  m e a s u r e s  f o r  t h e  s a f e t y  o f  t h e  l a b o r a t o r y  w o r k e r  
b e c a u s e  i t  c a n n o t  be  g u a r a n t e e d  t h a t  any m a n i p u l a t i o n  o f  
t u b e r c u l o u s  m a t e r i a l  w i l l  n o t  r e l e a s e  t u b e r c l e  b a c i l l i  i n t o  
t h e  a t m o s p h e r e .  For  t h i s  r e a s o n  p r o p e r l y  hooded  and 
v e n t i l a t e d  b e n c h e s  s h o u l d  be p r o v i d e d ,  e s p e c i a l l y  f o r  t h o s e  
who c a r r y  o u t  s e n s i t i v i t y  t e s t s .
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The f o l l o w i n g  ar© t h e  m ain  o b j e c t s  o f  t h e  e x p e r i m e n t s  
d e s c r i b e d  i n  t h i s  t h e s i s : -
(1 )  To im p ro v e  s t a n d a r d  m ethods  of  i s o l a t i n g  t u b e r c l e  
b a c i l l i  from sputum  from th e  p o i n t s  o f  view o f  e f f i c i e n c y ,  
s i m p l i c i t y  and s a f e t y .
(2 )  To e s t a b l i s h  w h e t h e r  r e c e n t l y  d e s c r i b e d  m ethods  o f  
i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom sputum a r e  s i m p l e r ,  s a f e r  or 
more e f f i c i e n t  t n a n  s t a n d a r d  m e t h o d s .
(3)  To e v o l v e  a met  nod o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  from
sputum w h i c n  d o es  n o t  i n v o l v e  c e n t r i f u g a t i o n  -  a d a n g e r o u s
and t i m e - c o n s u m i n g  p r o c e d u r e  common t o  a l l  t h e  s t a n d a r d  
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m e th o d s .  Many o f  t h e s e  e x p e r i m e n t s  t h e r e f o r e  i n v o l v e  an 
a s s e s s m e n t  o f  e f f i c i e n c y ,  s i m p l i c i t y  and s a f e t y .
Ass e s s m ent  o f  e f f i c i e n c y : Two main  m ethods  a r e  a v a i l a b l e
f o r  m e a s u r i n g  e f f i c i e n c y :  -
(1) S t u d i e s  made by co m p ar in g  t h e  numbers o f  v i a b l e  t u b e r c l e  
b a c i l l i  w h ic h  s u r v i v e  t h e  a p p l i c a t i o n  o f  d i f f e r e n t  m e th o d s  t o  
p o r t i o n s  o f  a s p e c im e n  o f  spu tum .
(2) Com par isons  o f  t h e  numbers  o f  p o s i t i v e  r e s u l t s  o b t a i n e d  
by d i f f e r e n t  m e th o d s  i n  s e r i e s  o f  sp e c im e n s  o f  sp u tu m .
Assessment o f  s i m p l i c i t y :  Th is  i s  n o t  an e x p e r i m e n t a l
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p r o c e d u r e  b e c a u s e  ,Ts i m p l i c i t y "  c a n n o t  be  e x p r e s s e d  n u m e r ic a l ! ; / *  
S i m p l i c i t y  i s  t h e r e f o r e  a s s e s s e d  by e s t i m a t i n g  w h e t h e r  l a r g e  
numbers  o f  s p e c im e n s  o f  sputum may b e  h a n d l e d  c o n v e n i e n t l y  
by a g iv e n  m ethod  u n d e r  r o u t i n e  l a b o r a t o r y  c o n d i t i o n s .
A sse s sm e n t  o f  s a f e t y : T h i s  i m p o r t a n t  c r i t e r i o n  c a n n o t
r e a d i l y  b e  a s s e s s e d  n u m e r i c a l l y -  I t  would be a f o r m i d a b l e  
t a s k  t o  e s t i m a t e  t h e  numbers  o f  t u b e r c l e  b a c i l l i  r e l e a s e d  
i n t o  t h e  a t m o s p h e r e  by a g i v e n  p r o c e d u r e .  The o n ly  e x p e r i ­
m e n t a l  a s s e s s m e n t  o f  s a f e t y  w h ich  d e m o n s t r a t e s  t h e  p o s s i b i l i t y  
o f  i n f e c t i o n  w i t h  t u b e r c l e  b a c i l l i  a s  a r e s u l t  o f  m a n i p u l a t i n g  
t u b e r c u l o u s  m a t e r i a l  i s  t h a t  o f  Gray and M a t t i n s o n  (1952)  
d e s c r i b e d  on p .  59 o f  t h i s  t h e s i s .
On, t h e  o t h e r  h a n d ,  t h e r e  i s  good i n d i r e c t  e v i d e n c e  
c o n c e r n i n g  +..e s a f e t y  o f  l a b o r a t o r y  p r o c e d u r e s .  By means 
o f  a t e s t  o r g a n i s m ,  S e r r a t i a  i n d i c a , Anderson  e t  a l . ( s e e  p .
54 o f  t h i s  t h e s i s )  have  shown t h a t  l a b o r a t o r y  p r o c e d u r e s ,  
e s p e c i a l l y  t h o s e  w h ic h  i n v o l v e  s n a k i n g  o r  bub c l i n g ,  r e l e a s e  
m i c r o - o r g a n i s m s  i n t o  t h e  a tm o s p h e r e ;  i n  a s i m i l a r  way i n i t w e l l  
e t  a l * ( s e e  p .  58 o f  t h i s  t h e s i s )  have  snown t h a t  t h e  c e n t r i ­
f u g a t i o n  o f  m a t e r i a l  i n  s c r e w - c a p p e d  c o n t a i n e r s  may r e l e a s e  
m i c r o - o r g a n i s m s  i n t o  t h e  a t m o s p h e r e .  ]for t h e  p u r p o s e s  o f  
t h i s  t h e s i s ,  t h e r e f o r e ,  i t  i s  r e a s o n a b l e  t o  assume t h a t ,  
w i t h  s p e c i m e n s  c o n t a i n i n g  l a r g e  numbers  o f  t u b e r c l e  b a c i l l i ,  
m ethods  o f  n r e o a r i n h  sputum f o r  c u l t u r e  which  i n v o l v e  s p l a s h i n g
b u b b l in g  cr c e n t r i f u g a t i o n  are p a r t i c u l a r l y  d a n g ero u s .
The e x p e r im e n ts  in  t h i s  t h e s i s  are  arranged in  two 
main g r o u p s  a c c o r d i n g  t o  t h e  method a d o p te d  f o r  a s s e s s i n g  
e f f i c i e n c y .  ' These  g ro u p s  a r e ; -
Q u a n t i t a t i v e  s t u d i e s  based on cou n ts  o f  v i a b l e  t u b e r c l e  
b a c i l l i .
B. S t u d i e s  made w i t h  s e r i e s  o f  s p e c im e n s  o f  sp u tu m .
The f a c t o r s  o f  s i m p l i c i t y  and s a f e t y  at*e commented upon 
i n  t h o s e  e x p e r i m e n t s  i n  w h ic h  t h e y  a r e  i m p o r t a n t  c r i t e r i a .
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m b  r  a  A X  m m  c  m h h  M h f H Q b o  — G E b h i t  m l  
Ma t e r i a l s
A l l  r e a g e n t s  u sed  i n  t h e  e x p e r i m e n t a l  work  d e s c r i b e d  i n  
t h i s  t h e s i s  w i t h  t n e  e x c e p t i o n  of  t h e  m a t e r i a l s  l i s t e d  oe low,  
were  o b t a i n e d  f rom  B r i t i s h  Drug Houses  L i m i t e d .  The a n a l y ­
t i c a l  g r a d e  o f  p u r i t y  was s e l e c t e d  f o r  t h o s e  m a t e r i a l s  i n  
w hich  t n i s  g r a d e  i s  a v a i l a b l e .
M a t e r i a l ,S.yn on.yms
E t h y l  v i o l e t  . . .
M a l a c h i t e  g r e e n  . . .
P r o f l a v i n e  s u l p h a t e  • • •
P e n i c i l l i n  . . .
>
Polym yxin  B s u l p h a t e  A e r o s p o r i n
B a c i t  r a c i n
M y c o s t a t i n
H i b i t a n e
S o u rce  
G u r r ,  London 
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M a t e r i e l  Synonyms s o u r c e  Grade
T e e p o l  Sodium secondary  S h e l l  C h e m ic a l s ' 20 per
a l k y l  s u l p h a t e s  L i m i t e d  c e n t .
c omme r c i  a 1 
s o l u t i o n
B ar ium  s u l p h a t e  . . .  ### B . P .
Media
L b w e n s t e i n - J e n s e n  Medium. T h i s  was made a c c o r d i n g  t o  t n e  
f o r m u l a  g i v e n  by J e n s e n  ( 1 9 3 2 ) .
P r o s k a u e r  and Beck Medium. T h is  i s  a s im p l e  s y n t h e t i c  medium 
f o r  t h e  g r o w th  o f  t u b e r c l e  b a c i l l i #  The m o d i f i c a t i o n  d e s c r i b ­
ed by t h e  Am erican  T ru d e a u  S o c i e t y  (1950)  was u s e d .  I t  h a s  
the  f o l l o w i n g  c o m p o s i t i o n :  -  
*
A s p a r a g i n  Q#5 p e r  c e n t .
KH2P04 0 . 5  p e r  c e n t .
0 .0 5  p e r  c e n t .
G l y c e r o l  2 . 0  p e r  c e n t .
Magnesium c i t r a t e  0 .1 5  p e r  c e n t .
The i n g r e d i e n t s  a r e  d i s s o l v e d  i n  d o u b le  g l a s s - d i s t i l l e d  
w a t e r  i n  t h e  o r d e r  g i v e n  a b o v e .  A f t e r  t h e  a d d i t i o n  of  
g l y c e r o l ,  t h e  pH i s  a d j u s t e d  t o  7 w i t h  40  p e r  c e n t ,  sod ium  
h y d r o x id e  and t h e n  t h e  magnesium c i t r a t e  i s  a d d e d .  The 
medium i s  s t e r i l i s e d  by a u t o c l a v i n g  a t  120°C f o r  15 m i n u t e s .
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g t h.y 1 v i o l e t  m edium ( B . J . 2  T h is  medium was used in  experimc,::
11 p. 155 of  t h i s  tries i s  . Tne medium has  tne  f o l l o w i n g  com­
p o s i t i o n .
P r o s k a u e j r  and Beck medium c o n t a i n i n g  
S t e r i l e  h o r s e  se rum  10 p e r  c e n t .
E t h y l  v i o l e t  0 .0 0 1  p e r  c e n t .
P e n i c i l l i n  100  u n i t s  p e r  m l .
P o ly m y x in  60 u n i t s  p e r  m l .
B a c i t r a c i n  25 u n i t s  p e r  m l .
M y c o s t a t i n  ' 50  u n i t s  p e r  m l .
The e t h y l  v i o l e t  was added t o  t h e  P r o s k a u e r  aQG Been 
medium b e f o r e  a u t o c l a v i n g ;  t h e  r e m a i n i n g  r e a g e n t s  w ere  added 
a s e p t i c s l l y  f rom  s t e r i l e  s t o c k  s o l u t i o n s  a f t e r  t h e  P r o s k a u e r  
and Beck medium was a u t o c l s v e d .
P r o f l a v i n e  s u l p h a t e  medium (P.P .  ) Tne u s e  o f  t h i s  medium i s  
d e s c r i b e d  i n  e x p e r i m e n t  11 p .  155 o f  t h i s  t h e s i s .  The com­
p o s i t i o n  and p r e p a r a t i o n  o f  t h e  medium a r e  t h e  same as d e s c r i ­
bed above  f o r  E .V .  medium e x c e p t  t h a t  p r o f l a v i n e  s u l p h a t e ,  
0 .0 0 0 4  pe r  c e n t ,  i s  s u b s t i t u t e d  f o r  e t h y l  v i o l e t .
M e th o d s  o f  p r e p a r i n g  sputum f o r  c u l t u r e .
The s odium h y d r o x i d e  m e t h o d .
( a ) H o m o g e n i s a t i o n  and d e c o n t a m i n a t i o n . Sputum was mixed miln 
an e q u a l  volume o f  4 p e r  c e n t ,  sodium h y d r o x i d e  i n  a 25 m l .
sc rew -c a oped c o n t a i n e r .  Tne m i x t u r e  was s h a x e n  t-n or o ugl i ly  Dy 
Land and i n c u b a t e d  i n  a w a t e r  b a th  a t  5 7°0 f o r  2 0 . a iu u t e s  • 
bn a i n g  was r e s e a t e d  a f t e r  10 m i n u t e s  and a t  t n e  sn-., o ,  t h e
i n c u b a t i o n  p e r i o d .
(b ) Fi i-s4' w a s u i n g  and c o n c e n t r a t i o n . Tne volume of t u e  
homo s e n a t e  was mad 3 ub  t o  20 m l .  w i t h  s t e r i l e  d i s t i l l e d  w a t e r  
and c e n t r i f u g e d  f o r  2 0  m i n u t e s  a t  3000  r . p . m .
( c ) Second w a s h i n g ,  o on c e n t r a t i o p  and i n o c u l a t i o n . The
s u p e r n a t a n t  was d i s c a r d e d  and t h e  sed im en t  r e s u s p e n d e d  in  2 0  - i*  
o f  s t e r i l e  d i s t i l l e d  w a t e r .  T h is  second w a s h i n g  of  t n e  d e p o s i t  
w i t h  d i s t i l l e d  w a t e r  was s u b s t i t u t e d  f o r  n e u t r a l i s a t i o n  w i t h  
s t r o n g  a c i d  b e c a u s e  i t  was shewn ( s e e  e x p e r im e n t  3 ,  p. 130 0 1 
t h i s  t h e s i s )  t h a t  t h e  u n i n t e n t i o n a l  a d d i t i o n  o f  even a s m a l l  
e x c e s s  o f  a c i d  may r e d u c e  t h e  number o f  v i a b l e  t u b e r c l e  b a c i l l i .  
A f t e r  c e n t r i f u g i n g  f o r  a f u r t h e r  20 m i n u t e s  t h e  s u p e r n a t a n t  v - - 
d i s c a r d e d .  The s e d im e n t  was  t a k e n  up i n  a s t e r i l e  p a s t e m r  p i p ­
e t t e  and f rom  i t  2 s l o p e s  of  LG w enste in  J e n s e n  medium were  i n o c ­
u l a t e d  and a f i l m  was p r e p a r e d  f o r  m i c r o s c o p y .  Tne f i l m  was 
s t a i n e d  by t h e  h i e n l - N e e l s e n  m e th o d .
The s u l p h u r i c  a c i d  m e thod .
H o m o g e n i s a t i on and d e c o n t a m i n a t i o n . Sputum was mixed w i t n  
an e q u a l  volume o f  3 p e r  c e n t .  (V/V) s u l p h u r i c  a c i d  i n  a 25 m l .  
sc rev ; -capped  c o n t a i n e r .  The m i x t u r e  was s h ak en  t h o r o u g h l y  by 
hand and i n c u b a t e d  i n  a w a t e r  b a t h  a t  37°G f o r  20 m i n u t e s .  
S h a k in g  was  r e p e a t e d  a f t e r  10 m i n u t e s  and a t  t h e  end o f  t h e  
i n c u b a t i o n  p e r i o d .
(b )  Washing and c o n c e n t r a t i o n .  The volume o f  t h e  homogenate  
was made u p  t o  20 m l .  w i t h  s t e r i l e  d i s t i l l e d  w a t e r  and c e n t r i -  
fuged f o r  2 0  m i n u t e s  a t  3000 r  • 0 • m•
(c)  Ne u t r a l i s a t i o n  and i n o c u l a t i o n . Tne supernatant  was
d i s c a r d e d ;  t n e  s e d im e n t  was su sp en d ed  i n  0 . 5  m l .  o f  s t e r i l e
sodium c i t r a t e  s o l u t i o n  and f rom  i t  2 L o w e n s t e i n - J e n s e n  s l o p e s . 
were i n o c u l a t e d  b y  means o f  a p a s t e u r  p i p e t t e .
T h i s  m ethod  d i f f e r s  i n  one d e t a i l  f rom t h a t  u s e d  by 
th e  P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  ( 1 9 5 3 ) -  t h e  s e d i m e n t  i s  
n e u t r a l i s e d  w i t h  sod ium  c i t r a t e  b e f o r e  t r a n s f e r  t o  t h e  c u l t u r e  
medium. T h i s  m o d i f i c a t i o n  was a d o p te d  b e c a u s e  o f  t h e  
o b s e r v a t i o n  o f  C o l l i n s  ( s e e  p . 19 o f  t h i s  t h e s i s )  t h a t ,  w i t h  
a c id  h o m o g e n a t e s ,  a low pH may p e r s i s t  i n  t h e  c u l t u r e  medium 
f o r  a p r o l o n g e d  p e r i o d  a f t e r  i n o c u l a t i o n .
The a c i d - i r o n - p e r o x i d e  m e t h o d . Two r e a g e n t s  a r e  r e q u i r e d  f o r  
t h i s  m e t h o d •
Reagent  Al T h i s  r e a g e n t  h as  t h e  f o l l o w i n g  c o m p o s i t i o n .
p e r r o u s  s u l p h a t e  2 0 gm.
C o n c e n t r a t e d  s u l p h u r i c  a c i d  20  m l .
D i s t i l l e d  w a t e r  180 m l .
T h i s  r e a g e n t  f e e p s  i n d e f i n i t e l y  and may b e  p r e p a r e d
in  b u l k .
Reagent B: T h i s  r e a g e n t  c o n s i s t s  o f  1 volume s t r e n g t h
hydrogen  p e r o x i d e .  I t  m us t  be f r e s h l y  p r e p a r e d  from 20 volume 
s t r e n g t h  h y d r o g e n  p e r o x i d e  e a c h  t i m e  t h e  method i s  a p p l i e d .
(a)  H o m o g e n i s a t i o n . To 2 m l .  o f  sputum i n  a 2 5 m l .  s c f e w -  
capped c o n t a i n e r  a r e  added  1 . 2  m l .  o f  r e a g e n t  A and 1 . 2  m l .  o f  
r e a g e n t  B* The m i x t u r e  i s  a l l o w e d  t o  s t a n d  f o r  5 m i n u t e s  a t
room t e m p e r a t u r e .
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(b ) g a s  u i n ?  and c oncen t r a t ion . Tns volume o f  tne  uomo.genct e 
i s  made up t o  20 m l .  w i t h  s t e r i l e  d i s t i l l e d  w a t e r  an6 t n e  
d i l u t e d  homogenate  i s  c e n t r i f u g e d  f o r  20 m in u tes  at  3000 r .p .n m
( c ) N e u t r a l i s a t i o n and i n o c u l a t i o n . This procedure i s  e x a c t l y  
the  same as d e s c r i b e d  above i n  s t e p  ( c )  o f  t h e  s u l p h u r i c  ac id  
method .
D e s p i t e  t n e  p r e f e r e n c e  o f  Anderson e t  a l . (1 0 5 3 )  f o r  a 
c o n c e n t r a t i o n  o f  10 volume s t r e n g t h  hydrogen p e r o x i d e ,  a 
s t r e n g t h  of  1 volume was a d op te d .  There are two reason s  for  
t h i s .  f ’i r s t ,  Anderson e t _ a l • f a i l e d  t o  snow t h a t  t h e i r  method
was more e f f i c i e n t  'tnan th e  sodium hyd rox id e  method ( s e e  p . 20
and t a b l e  11 o f  t h i s  t h e s i s ) .  s ec o n d ,  M acfar lane  et  a l . 
p rov ide  r e s u l t s  w n icn  s u g g e s t  t h a t  tn e  a c i d - i r o n - p e r o x i d e
ft
method u s i n g  1 volume s t r e n g t h  hydrogen’ p e r o x id e  i s  more 
e f f i c i e n t  tnan tne  method d e s c r i b e d  by Anderson e t  a l . ( s e e  
?. 21 and t a c l e s  1 2 -and 13 o f  t h i s  t h e s i s ) .
The t  r i  s o d i  urn on os phate m eth od .
H o m o g e n is a t io n . sputum was mixed w i t h  an equal  volume of  
a 10 per  c e n t ,  s o l u t i o n  of  t r i s o d iu m  phosphate (anhydrous s a l t )  
in a 25 m l .  s cr ev r-ca  pped c o n t a i n e r .  The m ixture  was shaken 
thoroughly  by hand and was then in c u b a te d  overn igh t  at 3 7 °G‘
^  f i r s t '  wa s h i n g  and ^co n cen t r a t i o n » Tne volume o f  trie 
mixture was made up t o  20  m l .  w i th  s t e r i l e  d i s t i l l e d  water  and 
c e n t r i fu g e d  f o r  20  m in u te s  at  300 0 r .p .m .
(v) Second w a sh i ng arid co n cen t rat i o n . The su p ern a ta n t  was 
discarded and trie s e d im en t  resuspended  in  2C m l.  of s t e r i l e
w a t e r .  The d e p o s i t  o b t a i n e d  by c e n t r i f u g i n g  t h i s  s e c o n d  
s u s p e n s i o n  was u s e d  t o  i n o c u l a t e  2 s l o p e s  o f  i b w e n s t e i n -  
j e n s e n  medium.
A s s e s s m e n t  o f  t h e  e f f i c i e n c y  o f  m e thods  
o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom sputum
S t u d i e s  b a s e d  on c o u n t s  o f  v i a b l e  t u b e r c l e  b a c i l l i . The 
method o f  v i a b l e  c o u n t i n g  u s e d  i n  t h e s e  s t u d i e s  was t h a t  o f  
0*Hea ( 1 9 5 5 )*  The p r o c e d u r e  i s  a s  f o l l o w s .
Volumes o f  4 m l .  o f  L G w e n s t e i n - j e n s e n  medium were  
d i s p e n s e d  i n  s c r e w - c a p p e d  b i j o u x  b o t t l e s  (5 m l .  c a p a c i t y ,  
c i r c u l a r  c r o s s  s e c t i o n )  and i n s p i s s a t e d  w i t h  t h e  b o t t l e s  i n  
t h e  u p r i g h t  p o s i t i o n .  The b o t t l e s  o f  medium were pack ed  
i n  w i r e  b a s k e t s  f o r  i n s p i s s a t i o n  and c a r e  was t a k e n  t o  e n s u r e  
t h a t  t h e  s u r f a c e s  o f  t h e  medium w ere  f l a t .  S a t i s f a c t o r y  
s u r f a c e s  w ere  o b t a i n e d  by n o t  o v e r c ro w d in g  t h e  b o t t l e s  n e a r  
t h e  s i d e s  o f  t h e  b a s k e t s .  D u r in g  i n s p i s s a t i o n  and r e - h e a t i n g  
w a t e r  o f  c o n d e n s a t i o n  was n o t  fo rm ed ,  b u t  a v e r y  s m a l l  amount 
somet imes  a p p e a r e d  d u r i n g  i n c u b a t i o n  ( f i g .  !• ) • T h is  was 
d e a l t  w i t h  a s  d e s c r i b e d  b e l o w .  The s u r f a c e  o f  t h e  medium 
formed a  s h a l l o w  cup w i t h  an a r e a  o f  1 . 8  s q . c m .  and t h e  
d e p th  o f  t h e  medium i s  2 cm. ( f i g . l : .)•
To c o u n t  t h e  number o f  v i a b l e  u n i t s  i n  a s u s p e n s i o n  
o f  t u b e r c l e  b a c i l l i ,  a s e r i e s  o f  t e n - f o l d  d i l u t i o n s  was made 
from t h e  s u s p e n s i o n  i n  t h e  medium o f  P r o s k a u e r  and B ec k .  A
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s e p a r a te  p i p e t t e  must be used  f o r  making eacn d i l u t i o n ,  
prom a p i p e t t e  c a l i b r a t e d  to d e l i v e r  drops o f  Q.02 m l .  
volume,  a s i n g l e  drop from eacn d i l u t i o n  was p la ced  on tn e  
s u r f a c e  o f  t n e  medium i n  each o f  !6 b o t t l e s ,  t h i s  number of  
r e p l i c a t e s  b e in g  s u f f i c i e n t  fo r  p r a c t i c a l  purposes  i n  p l a c e  
o f  6 .  The i n o c u l a t i o n s  were made in  s e r i e s  from tne g r e a t e s t  
to tn e  s m a l l e s t  d i l u t i o n ,  and th e  whole  p r o c e s s  of  i n o c u l a t i n g  
the b o t t l e s  o f  medium was done w i t h  a s i n g l e  c a l i b r a t e d  
p i p e t t e .  A f te r  i n o c u l a t i o n  the  b o t t l e s  were in cu b ated  o v e r ­
night  in  tn e  upright- p o s i t i o n  a t  270C w i t h  s c r e w -c a ? s  l o o s e .
The ceps were then  screwed t i g n t  to avoid d r y in g  o f  th e
medium, w hich  may be caused by an im p e r fe c t  a i r - s e a l .  Because  
>
a t r a c e  o f  c o n d e n s a t io n  m o is tu r e  was sometimes formed ( f i g .  1 ) ,  
tne b o t t l e s  were p l a c e d  in  tne i n v e r t e d  p o s i t i o n  f o r  th e  
remainder o f  t n e  i n c u b a t i o n  p er iod  to avoid p o s s i b l e  w e t t i n g  
of  tn e  i n o c u l a t e d  s u r f a c e .  Tne in c u b a t io n  p er io d  was from 
21 t o  28 days but a s n o r t e r  per iod  may s u f f i c e  f o r  s t r a i n s  
such as H87Hv , w h ich  nave been m a in ta in ed  on a r t i f i c i a l  media 
for  a p ro lo n g e d  p e r i o d .  A f te r  in c u b a t io n  tn e  b o t t l e s  o f  
medium c o n t a i n i n g  i s o l a t e d  c o l o n i e s  were s e l e c t e d  and tne  
number o f  c o l o n i e s  in  each was counted w i t h  t h e  a id  o f  a nancl 
l e n s .  Tne c o l o n i e s  are  r e a d i l y  v i s i b l e  ( f i g s *  I -and 2 ) .
Tne a d v a n ta g e s  o f  t h i s  metnod are:  th e  prepared medium
and tne P r o sk a u er  and Been d i l u e n t  can be s tored  ready
f o r  u s e ;  a i r b o r n e  c o n t a m i n a t i o n  i s  so  i n f r e q u e n t  a s  t o  
be n e g l i g i b l e ;  and  t h e  a c c u r a c y  o f  t h e  m ethod  i s  a t  l e a s t  
s u f f i c i e n t  f o r  c o m p a r a t i v e  p u r p o s e s .
S t u d i e s  b a s e d  on s e r i e s  o f  s p e c im e n s  o f  sputum 
S p ec im ens  o f  s p u t u m . Sputum was o b t a i n e d  f rom  i n - p a t i e n t s  
o f  t h e  t u b e r c u l o s i s  d i v i s i o n  o f  R u c h i l l  H o s p i t a l ,  Glasgow; 
a l l  t h e  p a t i e n t s  f rom  whom sputum was o b t a i n e d  w ere  known 
c a s e s  o f  p u lm o n a ry  t u b e r c u l o s i s .  The g r e a t  m a j o r i t y  o f  t h e  
p a t i e n t s  w ere  r e c e i v i n g  s t r e p t o m y c i n ,  p a r a - a m i n o s a l i c y l i c  
a c i d ,  i s o n i a z i d  o r  a c o m b i n a t i o n  o f  t h e s e  d r u g s .  The 
i n f l u e n c e  o f  t h e  s p e c i f i c  t r e a t m e n t  o f  t h e  p a t i e n t s  on t h e  
r e s u l t s  o f  c u l t u r e s  f o r  t u b e r c l e  b a c i l l i  made from t h e i r  
sputum c a n n o t  r e a d i l y  be  a s s e s s e d .  I t  may w e l l  be  i m p o r t a n t  
bu t  i t  was n o t  f e a s i b l e  t o  r e s t r i c t  t h e  s t u d i e s  p r e s e n t e d  i n  
t h i s  t h e s i s  t o  s p e c im e n s  o f  sputum o b t a i n e d  f rom t h e  v e r y  s m a l l  
numbers o f  p a t i e n t s  who w ere  n o t  r e c e i v i n g  s p e c i f i c  t h e r a p y .  
S e l e c t i o n  o f  s p e c im e n s  o f  s p u tu m . Sputum can  r e a d i l y  be 
o l a s s i f i e d  i n t o  2 m a in  t y p e s  o f  s p e c im e n  by m ic r o s c o p y :
(1)  s p e c im e n s  i n  w h i c h  a c i d - f a s t  b a c i l l i  can  r e a d i l y  be 
d e t e c t e d  and ( 2 )  s p e c i m e n s  i n  w h ic h  a c i d - f a s t  b a c i l l i  c a n n o t  
r e a d i l y  b e  d e t e c t e d .  B o th  t y p e s  o f  sp e c im e n  may y i e l d  
v a l u a b l e  i n f o r m a t i o n ;  s p e c im e n s  o f  t h e  f i r s t  t y p e  u s u a l l y  
c o n t a i n  l a r g e  num bers  o f  v i a b l e  t u b e r c l e  b a c i l l i  and have  b e en
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s e l e c t e d  f o r  p r e l i m i n a r y  t e s t  s o f  met  nods o f  i s o l a t i n g  t u o e r c x e  
b a c i l l i  f rom s pu tum;  i n  a g rou p  o f  s p e c i m e n s  of  t n e  second, 
t y p e  t h e r e  w i l l  be some w ni ch  c o n t a i n  on l y  a few v i a b l e  t u b e r c l e  
b a c i l l i  and o t h e r s  wh i ch  do not  c o n t a i n  v i a b l e  t u b e r c l e  b a c i l l i  . 
The second  t y p e  o f  s p e c i me n  h a s  b een  s e l e c t e d  f o r  c r i t i c a l  
t e s t s  o f  m e t h o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom spu tum.  
P r e l i m i n a r y  t e s t s  o f  me thods  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  
f rom s o u t u m . S p e c i m en s  o f  sputum c o n t a i n i n g  l a r g e  numbers  
o f  v i a b l e  t u b e r c l e  b a c i l l i  wer e  u s e d .  The a p p l i c a t i o n  o f  a 
method o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom sputum t o  t u i s  t y p e  
of s p ec i me n  y i e l d e d  t h e  f o l l o w i n g  i n f o r m a t i o n .  f i r s t ,  
i t  d e m o n s t r a t e d  w h e t h e r  t u b e r c l e  b a c i l l i  c o u l d  s u r v i v e  t h e  
p r o p o s e d  method  and y i e l d  a c u l t u r e ,  Second ,  t h e  t i m e  
t a k e n  f o r  c o l o n i e s  t o  a p p e a r  and t h e  a bund anc e  o r  s c a r c i t y  
of  t h e  n umb er s  of  c o l o n i e s  i n d i c a t e d  w h e t h e r  t h e  metnod m i g n t  
compare f a v o u r a b l y  w i t h  t h e  s t a n d a r d  sodium h y d r o x i d e  metnod 
i n  a more c r i t i c a l  t r i a l ;  on L t f w e n s t e i n - J e n s e n  medium t h e  
sodium h y d r o x i d e  metnod u s u a l l y  y i e l d s  w i t h i n  25 d a ys  a 
c o n f l u e n t  g r o w t h  o f  t u b e r c l e  b a c i l l i  f rom s p e c i m e n s  shown by 
m i c r o s c o p y  t o  c o n t a i n  numerous  a c i d - f a s t  b a c i l l i .  T h i r d ,  
a r ou g n  i n d i c a t i o n  was o b t a i n e d  of' t h e  a b i l i t y  o f  t n e  p r o p o s e d  
method t o  c o n t r o l  t h e  g r owt h  of  c o n t a m i n a n t s •
The a p p l i c a t i o n  o f  t h e  p r e l i m i n a r y  t e s t i n g  p r o c e d u r e  
d e s c r i b e d  above  made i t  p o s s i b l e  t o  t e s t  a l a r g e  number  of  
methods  and t o  s e l e c t  t h e  few m et ho ds  w o r t h y  of  t h e  more
c r i t i c a l  and t im e-co n su m in g  procedure  d e s c r i b e d  b e lo w .
C r i t i c a l  t e s t s  o f  methods o f  i s o l a t i n g  
t u b e r c l e  b a c i l l i  from sputum
C r i t i c a l  a s s e s s m e n t  o f  the  e f f i c i e n c y  o f  a proposed  
method o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  was made by comparing  
the  e f f i c i e n c y  o f  t h e  method w i t h  th a t  o f  t h e  sodium  
h y d r o x id e  method i n  a c a r e f u l l y  s e l e c t e d  group o f  s p e c im e n s .
S e l e c t i o n  o f  s p e c i m e n s . Specimens o f  sputum were examined 
from a group o f  p a t i e n t s  s u f f e r i n g  from pulmonary t u b e r c u l o s i s .  
A smear was made from ea ch  spec im en ,  s t a i n e d  by the  z i e h l -  
K e e lse n  method and examined m i c r o s c o p i c a l l y  f o r  5 m in u tes  
w ith  t h e  1 / 7  i n c h  f l u o r i t e  o i l - i m m e r s i o n  l e n s .  I f  a c i d -  
f a s t  b a c i l l i  were observed  th e  specimen was r e j e c t e d ;  i f  
a c i d - f a s t  b a c i l l i  were n o t  s e e n  th e  specimen was d i v i d e d  
i n t o  2 e q u a l  p a r t s ,  one f o r  tre a tm e n t  by t h e  proposed  
method and th e  o t h e r  f o r  t r ea tm e n t  by t h e  s tan d ard  sodium  
hydrox ide  m eth od .  when d i v i d i n g  th e  s p e c im en ,  care  was taken  
to  e n s u r e  t h a t ,  as fa r  as p o s s i b l e ,  a l l  p u r u le n t  p a r t s  of  
the sputum were d i s t r i b u t e d  e q u a l l y  between  th e  2 p o r t i o n s .  
Arrangements were th e n  made f o r  t h e  e x a m in a t io n  o f  8 f u r t h e r  
specimens from p a t i e n t s  who y i e l d e d  spec im en s  which were  
n e g a t iv e  by m ic r o s c o p y .  This  procedure  was r e p ea te d  w i t h  
f r e sh  groups  o f  p a t i e n t s  u n t i l  3 r e p l i c a t e  spec im ens  had been  
provided by each  o f  40 t o  50 p a t i e n t s .
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Tn e  v a l u e  o f  r e p l i c a t e  s p e c i m e n s . In  e x p e r i m e n t  12  01 
t h i s  t h e s i s  ( p .  159 and t a b l e s  74 t o  79) i t  was founc t h a t  
a d i f f e r e n c e  was d e m o n s t r a t e d  i n  t n e  e f f i c i e n c y  w i t n  wni ch  
2 m e t h o d s  p r o d u c e d  c u l t u r e s  o f  t u b e r c l e  b a c i l l i  f rom a s e r i e s  
o f  s p e c i m e n s ,  e a c h  f ro m a d i f f e r e n t  p a t i e n t  and n e g a t i v e  by 
m i c r o s c o p y  f o r  a c i d - f a s t  b a c i l l i ;  a g r e a t e r  d i f f e r e n c e ,  
h o w e v e r ,  was  o b s e r v e d  i n  a s m a l l e r  g r o u p  o f  m i c r o s c o p i c a l l y  
n e g a t i v e  s p e c i m e n s  w h i c h  c o n s i s t e d  of  2 or more r e p l i c a t e  
s p e c i m e n s  f rom a g r oup  o f  40 p a t i e n t s .  R e p l i c a t e  s p e c i m e n s  
were  t h e r e f o r e  a d o p t e d  f o r  t h e  c r i t i c a l  a s s e s s m e n t  o f  me t hods  
o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom s p u t u m .  I n  t h i s  way some 
c o m p e n s a t i o n  was made f o r  t h e  f a c t  t h a t  t h e  s t u d i e s  r e p o r t e d  
i n  t h i s  t h e s i s  were  made w i t h  r e l a t i v e l y  s m a l l  numbers  of  
s p e c i m e n s ;  i t  m u s t  be e m p h a s i s e d  t h a t  one w o r k e r  w i t h  t h e  
p a r t - t i m e  a s s i s t a n c e  o f  one t e c h n i c i a n  c a n n o t  u n d e r t a k e  
i n v e s t i g a t i o n s  on t h e  s c a l e  o f  t h a t  c o n d u c t e d  w i t h  t h e  
r e s o u r c e s  o f  12 l a b o r a t o r i e s  o f  t h e  P u b l i c  H e a l t h  L a b o r a t o r y  
S e r v i c e  ( s e e  p .  13 o f  t h i s  t h e s i s ) *
METHODS US1SD PQH INDIVIDUAL EXPERIMENTS
Because  t h e  g e n e r a l  methods a l r e a d y  d e s c r ib e d  may d i f f e r  
in  s m a l l  but im p o rta n t  d e t a i l s  from one exper im ent  t o  
a n o t h e r ,  d e t a i l s  o f  methods and e x p e r im e n ta l  procedure  
are  g iv e n  f o r  each  e x p e r im e n t .
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Ex p e r i m e n t  1 . __ ( a ) A comp a r i  son o f  t ne  n umber s
o f  v i a b l e  t u b e r c l e  b a c i l l i  p r e s e n t  i n  u n t r e a t e d 
sputum w i t h t h e numbe r s  w h i ch  r e m a i n e d  i n  t h e  
s p u tum a f t e r  t h e a p p l i c a t i o n  of  s t a n d a r d  
m e t h od s  o f  p r e par i n g  spu tum f o r  o u l t u r e .
( b ) The r e c o v e r y  o f  t u b e r e l e  b a c i l l i  f rom swabs 
i n o Q u l a t e d  w i t h  d i l u t i o n s o f  s p u t u m ,
( c ) The numbers  of  v i a b l e  t u b e r c l e  b a c i l l i  
d i s c a r d e d  r a t h  t h e s u p e r n a t a n t  f l u i d  
a f t e r  c e n t r i f u g a t i o n .
T h i s  s t g d y  was made w i t h  7 s p e c i m e n s  o f  sputum i n  a l l  
o f  w h i c h  numer ous  a c i d - f a s t  b a c i l l i  w e r e  d e m o n s t r a t e d  by 
m i c r o s c o  o y .
P r e p a r a t i o n  of  spu tum f o r  v i a b l e c o u n t s •
S t a n d a r d  m e t h o d s  and c o n t r o l  c o u n t s * E i v e  p o r t i o n s ,  
e a c h  o f  Z m l .  vo l ume ,  wer e  t a k e n  from each  o f  t h e  7 s p e c i me n s  
A s e p a r a t e  p o r t i o n  of  e a c h  s p e c i me n  was t r e a t e d  by one o f  
each  o f  t h e  4 f o l l o w i n g  s t a n d a r d  me th od s :  t h e  sod ium h y d r o x i
m e t h o d ,  t h e  s u l p h u r i c  a c i d  m e t h od ,  t h e  a c i d - i r o n - p e r o x i d e  
method and t h e  t r i s o d i u m  p h o s p n a t e  m e t h o d .  These  me th ods  
were  a p p l i e d  a s  d e s c r i b e d  on p a g e s  74 t o  78 o f  t h i s  t h e s i s  as  
f a r  a s  t h e  f i r s t  w a s h i n g  and c e n t r i f u g a t i o n . The d e p o s i t s  
o b t a i n e d  a t  t h i s  p o i n t  -by e a c h  metnod were  r e  s u s p e n d e d  i n  2 m
of  P r o s i a u e r  and B e o i  medium and from t n e  s u s p e n s i o n s  d i l u t i o
b5
were made f o r  v i a b l e  c o u n t i n g .
The b u f f e r i n g  a c t i o n  o f  t h e  Proskauer  and Beck medium 
used  as a d i l u e n t  i n  th e  v i a b l e  c o u n t in g  method made i t  
u n n e c e s s a r y  to  n e u t r a l i s e  or wash t h e  s e d i m e n t s .  The f i f t h  
p o r t io n  o f  ea ch  spe c im en  s e r v e d  as  an u n t r e a t e d  c o n t r o l ;  
from i t  w ere  p repared  2 s e t s  o f  d i l u t i o n s  f o r  v i a b l e  c o u n t s ,  
one i n  P r o sk a u e r  and Beck medium and th e  o th e r  i n  p roskau er  
and Beck medium c o n t a i n i n g  100 u n i t s  o f  p e n i c i l l i n  per  m l .
This p r o ced u re  was adopted  i n  order t o  o b t a i n ,  i f  p o s s i b l e ,  
counts  o f  th e  numbers o f  v i a b l e  t u b e r c l e  b a c i l l i  from sputum
which ,  a p ar t  from d i l u t i o n ,  had not  been  t r e a t e d  i n  any way
to  s u p p r e s s  c o n ta m in a n ts  and i n  order  t o  compare t h e s e  counts  
with those^ o b ta in e d  from u n t r e a t e d  sputum d i l u t e d  i n  proskauer  
and Beck medium c o n t a i n i n g  p e n i c i l l i n .  In  f a c t ,  the  
in c o r p o r a t i o n  o f  p e n i c i l l i n  in  t h e  d i l u t i n g  f l u i d  d id  not  
s e r i o u s l y  a f f e c t  t h e  numbers o f  t u b e r c l e  b a c i l l i  i n  the  2
specim ens i n  w hich  a f i g u r e  was o b ta in e d  from u n tr e a te d
sputum prepared  f o r  c o u n t in g  w i t h o u t  p e n i c i l l i n ( s e e  t a b l e  5 5 ) .
( b ) V ia b le  c o u n t s  from s w a b s * The d i l u t i o n s  o f  sputum in  
Proskauer and Beck medium w i t h o u t  p e n i c i l l i n  were used to  
t r a n s f e r  m a t e r i a l  t o  c o t t o n  w ool  swabs i n  order  t o  e s t a b l i s h  
the number o f  organisms which c ou ld  be r e c o v e r e d  from c o t t o n  
wool sw a b s .  S i x  o f  the  7 sp u ta  were i n v e s t i g a t e d  i n  t h i s  
way. por ea ch  sputum, t h r e e  c o t t o n  w oo l  swabs were charged
w it h  m a t e r i a l  from each o f  t h e  4 w eakest  d i l u t i o n s  o f  sputum; 
the  volume o f  m a t e r i a l  t r a n s f e r r e d  t o  each  swah was 0 * 0 2  m l .
The swabs were t h e n  immersed i n  2 . 5  per  c e n t ,  o x a l i c  ac id ;  
a f t e r  2 0  m in u t e s  a t  room temperature  one s l o p e  o f  L o w e n s te in -  
J ensen  medium was i n o c u l a t e d  from each swah.
( c )  Coun t s  f ro m s u p e r n a t a n t  f l i j i d  a f t e r  c e n t r i f u g a t i o n . I n
2 o f  th e  7 s p e c im e n s  v i a b l e  counts  were made from th e  su p e r n a ta n t
f l u i d s  o b t a in e d  a f t e r  c e n t r i f u g i n g  the  d i l u t e d  homogenates
prepared by each method.  In order  t o  compare th e  numbers o f
organisms i s o l a t e d  from th e  d i l u t e  s u p e r n a t a n t ,  th e  volume
o f  t h i s  f l u i d  was measured and th e  d i f f e r e n c e  between t h i s
volume and t h e  o r i g i n a l  volume ( 2  m l . )  o f  sputum t r e a t e d  was 
>
a l low ed  f o r  i n  making th e  d i l u t i o n s  f o r  s e t t i n g  up t h e  v i a b l e  
o o u h t s •
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E x p e r i ment  g .  A com p a r i s o n  t n e numbe r s
of  v i a b l e  tu. . e r  j i e bac i l  l i  i n p o r t i o n s  o f  
s p e c i m e n s  o f  sputum ( a )  un t r e a t e d  ( b )  h o m o g e n i s e d 
w i t h  pano r e a t i n  ( q ) h omo gen i sed  and d e c o n t a m i n a t e d  
w i t h sod ium h y d r o x i d e  and £d)  homogen i sed  and 
d e c o n t a m i n a t e d  w i t h  s u l p h u r i c  a c i d .
T h r e e  s p e c i m e n s  o f  sputum were  u s e d  f o r  t h i s  i n v e s t ­
i g a t i o n .  S a c n  s pec i men  was d i v i d e d  i n t o  4 e q u a l  p o r t i o n s :  
t h e  f i r s t  p o r t i o n  was t h o r o u g h l y  mi xed  w i t h  an e q u a l  volume 
of  s t e r i l e  d i s t i l l e d  w a t e r  and d i l u t i o n s  were  p r e p a r e d  f o r  
v i a b l e  c o u n t i n g  w i t h o u t  f u r t h e r  h o m o g e n i s a t i o n ;  t n e  second 
p o r t i o n  was mixed w i t h  an e q u a l  volume of  1 p e r  c e n t ,  p a n o r e ­
a t i n  s o l u t i o n  and a f t e r  an i n c u b a t i o n  p e r i o d  of  1 n o u r  a t  
>
37° 0  d i l u t i o n s  we r e  p r e p a r e d  f rom t h e  homogena t e  f o r  v i a b l e  
c o u n t i n g ;  t h e  t h i r d  p o r t i o n  was h o mog en i s ed  and d e c o n t a m i n ­
a t e d  w i t h  an e q u a l  volume of  4 p e r  c e n t ,  sod ium h y d r o x i d e  
( s e e  p .  74 of  t h i s  t h e s i s )  and t n e  f o u r t h  p o r t i o n  was homo­
g e n i s e d  and d e c o n t a m i n a t e d  w i t h  an e q u a l  volume o f  8 p e r  
c e n t .  (V/T)  s u l p h u r i c  a c i d  and d i l u t e d  f o r  c o u n t i n g  ( s e e  p .
75 o f  t h i s  t h e s i s ) .
Di l u t i n g  f l u i d . The u n t r e a t e d  sputum and t h e  sputum 
homog en ised  w i t h  p a n c r e s t i n  we r e  d i l u t e d  i n  P r o s k a u e r  and 
Beck medium c o n t a i n i n g  1 / 2 5 0 , 0 0 0  p r o f l a v i n e  s u l p h a t e .  T h i s  
c o n c e n t r a t i o n  o f  o r o f l a v i n e  was shown i n  e x p e r i m e n t  6 ( s e e  
? . 145  of  t h i s  t h e s i s ,  t a b l e  64) t o  nave  no i n h i b i t i n g  e f f e c t  on 
t h e  g r o w t h  o f  t h e  H8 7xiv s t r a i n  of  t u b e r c l e  b a c i l l i ;  i t  v;as
8 8
u s e d  i n  t h e  p r e s e n t  e x p e r i m e n t  t o  p r e v e n t  t n e  growth of 
c o n t a m i n a n t s  in  c o u n t s  f rom sputum w nich  nad not  been t r e a t e d  
w i t h  a d e c o n t a m in a t in g  a g e n t .
The homogenates  prepared w i th  sodium h y d rox id e  or  w it n  
s u l p h u r i c  a c id  were d i l u t e d  f o r  c o u n t in g  in  Proskauer  and 
Beck medium w i t h o u t  p r o f l a v i n e .  N e u t r a l i s a t i o n  of  t h e s e  
homogenates  was u n n e c e s s a r y  b e ca u se  th e  b u f f e r i n g  a c t i o n  o f  
the  d i l u e n t  prod u ces  a n e u t r a l  pH i n  t h e  d i l u t i o n s  beyond 
U 10.
Experiment 2 .  The e f f e c t  o f  n e u t r a l i s a t i o n
on t h e  numbers o f  v i a b l e  organisms in  homogenates  
o f  sputum prepared w i t h  a c id  or a l k a l i •
Two groups  o f  2  sp e c im e n s  were examined; a l l  spec im ens  
c o n t a in e d  numerous a c i d - f a s t  b a c i l l i .
f i r s t  g ro u p : Each specim en was d i v i d e d  i n t o  2 eq u a l  p o r t io n
one p o r t i o n  was homogenised and decontam inated  w i t h  an equal  
volume o f  4 per  c e n t ,  sodium h y d r o x id e  and the  o th e r  w i t h  an 
equal  volume o f  2 per c e n t .  (V/Vi s u l p h u r i c  a c i d .  The 
sodium h y d r o x id e  homogenate was d i v i d e d  i n t o  2  e q u a l  p o r t io n s  
u s i n g  2 p er  c e n t .  (V/VJ s u l p h u r i c  a d i d ,  one p o r t io n  was  
n e u t r a l i s e d  e x a c t l y ,  one p o r t i o n  r e c e i v e d  an e x c e s s  o f  0 * 1  ml* 
o f  a c i d  a f t e r  e x a c t  n e u t r a l i s a t i o n  and one p o r t io n  was not  
n e u t r a l i s e d .  A s i m i l a r  procedure  was u sed  f o r  th e  s u l p h u r i c  
ac id  homogenate and 4 per  c e n t ,  sodium h y d ro x id e  was used  
as t h e  n e u t r a l i s i n g  a g e n t .  The volumes o f  a l l  t h e  p o r t io n s  
of  homogenised sputum were then made e q u a l  by adding the  
a p p r o p r ia te  volume o f  s t e r i l e  d i s t i l l e d  w ater  to  each one.
The number o f  v i a b l e  t u b e r c l e  b a c i l l i  i n  each  p o r t io n  was 
determined i n  t h e  u s u a l  way#
Second g ro u p : The second  group o f  spec im en s  was t r e a t e d  in
e x a c t l y  t h e  same way as th e  f i r s t  e x c e p t  t h a t  2  per  c e n t .
(V/VJ nydro c a l o r i c  a c id  was s u b s t i t u t e d  f o r  s u l p h u r i c  acid  
h o m o g e n is a t io n  and 10 per  c e n t .  ( y / V )  h y d r o c h l o r i c  a c id  was 
s u b s t i t u t e d  f o r  s u l p h u r i c  a c id  i n  th e  n e u t r a l i s a t i o n  of  
a l k a l i n e  h o m o g en a te s .
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Exp e r i m e n t  4 .  The a b i l i t y o f  c e n t r i f u g a t i o n
t o  r e c o v e r _ t u b e r o d e  b a c i l l i  f rom sputum 
h omog e n i s e d  by t h e  sod ium 
h y d r o x i de  m e t h o d .
A s p e c i m e n  o f  spu tum c o n t a i n i n g  numerous  a c i d - f a s t  
b a c i l l i  was n o m o g e n i s e d  w i t h  an e q u a l  volume o f  4 p e r  c e n t ,  
sod ium h y d r o x i d e .  Eour  p o r t i o n s ,  e a c h  o f  4 m l .  vo lume,  
wer e  t a k e n  f rom t h e  homo gena te  and t r e a t e d  as  f o l l o w s .
f f i r s t  p o r t i o n . The volume o'f t h i s  p o r t i o n  was made up t o  
20  m l .  w i t h  s t e r i l e  d i s t i l l e d  w a t e r .  A v i a b l e  c o u n t  was 
t h e n  made f rom t h e  d i l u t e d  h o m o g e n a t e .  Thi s  c o u n t  gave 
t h e  number  o f  v i a b l e  o r g a n i s m s  p r e s e n t  i n  t h e  h o m o g e n a t e .
Second p o r t i o n . The volume o f  t h i s  p o r t i o n  was made up 
t o  20  m l .  w i t h  s t e r i l e  d i s t i l l e d  w a t e r  and c e n t r i f u g e d  f o r  
20 m i n u t e s .  The s u p e r n a t a n t  was d e c a n t e d  i n t o  a f r e s h  
s t e r i l e  c o n t a i n e r  and a c o u n t  was made of  t h e  number o f  v i a b l e  
o r g a n i s ms  i n  t h e  s u p e r n a t a n t ;  t h i s  c ou n t  gave t h e  number of  
v i a b l e  o r g a n i s m s  d i s c a r d e d  w i t h  t h e  s u p e r n a t a n t  f l u i d  a f t e r  
c e n t r i f u g i n g  ho mogena t e  w h i ch  had not  b ee n  n e u t r a l i s e d .
The s e d i m e n t  was r e s u s p e n d e d  i n  20  m l .  o f  s t e r i l e  d i s t i l l e d  
•water;  - 0 . 5  m l .  o f  t h e  r e s u s p e n d e d  s e d i m e n t  was removed 
f o r  v i a b l e  c o u n t i n g  -  t h i s  cou nt  gave t h e  number  o f  
o r g a n i s m s  r e c o v e r e d  a f t e r  d i l u t i n g  and c e n t r i f u g i n g  £he
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o r i g i n a l  h o m o g e n a t e .  The r e m a i n i n g  1 9 . 5  m l .  o f  
r e s u s p e n d e d  s e d i m e n t  was c e n t r i f u g e d  a s e c o n d  t i m e  and 
t h e  d e p o s i t  was s u s p e n d e d  once more i n  1 9 . 5  m l .  of  
s t e r i l e  d i s t i l l e d  w a t e r ;  a c o u n t  o f  t h e  number  o f  v i a b l e  
o r g a n i s m s  i n  t h i s  s u s p e n s i o n  gave  t h e  numbers  o f  v i a b l e  
o r g a n i s m s  r e c o v e r e d  a f t e r  t h e  two p r o c e d u r e s  u s e d  i n  the  
s t a n d a r d  sod ium h y d r o x i d e  method (1)  d i l u t i o n  and c e n t r i ­
f u g a t i o n  o f  t h e  o r i g i n a l  homogena t e  and ( 2 )  r e s u s p e n s i o n  
and c e n t r i f u g a t i o n  o f  t h e  d e p o s i t  o b t a i n e d  by t h e  f i r s t  
c e n t r i f u g a t i o n .
T h i r d  p o r t i o n . T h i s  p o r t i o n  o f  homog en a t e  was n e u t r a l i s e d
wi t h  5 p e r  c e n t , (V/V) s u l p h u r i c  a c i d  and t h e  volume o f  t h e  
>
n e u t r a l i s e d  ho mogen a t e  was made up t o  20  m l .  w i t h  s t e r i l e  
d i s t i l l e d  w a t e r .  A v i a b l e  c o u n t  o f  t h i s  n e u t r a l i s e d  and 
d i l u t e d  h o m o g e n a t e  gave  t h e  number o f  v i a b l e  t u b e r c l e  
b a c i l l i  p r e s e n t  a f t e r  n e u t r a l i s a t i o n .
F o u r t h  p o r t i o n . Th i s  p o r t i o n  was n e u t r a l i s e d  and d i l u t e d  
t o  a volume o f  20 m l .  as  d e s c r i b e d  above  f o r  t h e  t h i r d  
p o r t i o n .  The n e u t r a l i s e d  and d i l u t e d  ho mo g en a t e  was t h e n  
c e n t r i f u g e d  f o r  2 0  m i n u t e s .  The s u p e r n a t a n t  was d e c a n t e d  i n t o  
a f r e s h  c o n t a i n e r  and a v i a b l e  coun t  was made f rom t n e  d e c a n t ­
ed f l u i d ;  t h i s  c ou n t  gave t h e  numbers  o f  o r g a n i s m s  p r e s e n t  i n  
t n e  s u p e r n a t a n t  f l u i d  a f t e r  c e n t r i f u g i n g  n e u t r a l i s e d  uomogenat  o .
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The sed im en t  was r e su sp en d e d  in  2 0  m l .  o f  s t e r i l e  d i s t i l l e d  
w ater  and a v i a b l e  count  was made; t h i s  count  gave th e  
numbers o f  v i a b l e  t u b e r c l e  b a c i l l i  r e c o v e r e d  by c e n t r i ­
f u g i n g  t h e  n e u t r a l i s e d  hom ogenate .
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Experim ent  5 .  The c h o ic e  o f  a .s tandard  
metiiod o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  
from sputum*
The sodium h y d r o x id e  method ( s e e  p .  o f  t h i s  
t h e s i s )  was compared w i t h  t h e  s u l p h u r i c  a c id  method ( s e e  
p.  7 5  o f  t h i s  t h e s i s ) .
Compar i son  o f  t h e  e f f i c i e n c y  o f  t h e  two m e t h o d s . The 
p r o c e d u r e  d e s c r i b e d  on p .  82 t h i s  t h e s i s  was a d o p t e d  f o r  
t h i s  e x p e r i m e n t ;  3 r e p l i c a t e  s p e c i m e n s  f rom e a c h  o f  40  
p a t i e n t s  -  a  t o t a l  o f  120  s p e c i m e n s  -  wer e  e x a mi n ed .
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Experiment 6 . The act ion,  o f  s e l e c t i v e  
b a c t e r i o s t a t i c  a g e n t s  on t u b e r c l e  b a c i l l i .
Media c o n t a i n i n g  b a c t e r i o s t a t i c  a g e n t s . The b a s a l  medium 
was t h a t  o f  P r o sk a u er  and Beck w i t h  t h e  a d d i t i o n  o f  10 per  
c e n t ,  s t e r i l e  h o r s e  serum; i t  was d i s p e n s e d  i n  1 . 8  m l .  
volumes i n  b i j o u  b o t t l e s .  A s e r i e s  o f  s t o c k  s o l u t i o n s  i n  
proskauer  and Beck medium was prepared f o r  each  b a c t e r i o ­
s t a t i c  agen t  and media c o n t a i n i n g  the  a g e n t s  were p repared  
by ad d in g  0 * 2  m l .  o f  s t o c k  s o l u t i o n  t o  1 . 8  m l .  of  the  
b a s a l  medium. p or  example ,  a s e r i e s  o f  s t o c k  s o l u t i o n s  
of  e t h y l  v i o l e t  was made w i t h  th e  f o l l o w i n g  c o n c e n t r a t i o n s  
o f  dye; 1 : 1 .0 0 0 ;  l : 2 ,5 0 0 J  1 - 5 ,0 0 0 ;  1 :10 ,0 00 ;  1 :2 5 ,0 0 0 ;
1;50*000; t h e  a d d i t i o n  o f  0 * 2  m l .  o f  ea ch  o f  t h e s e  c o n c e n t ­
r a t i o n s  o f  dye t o  t h e  b a s a l  medium produced a s e r i e s  o f  
t e s t  media  w i t h  the  f o l l o w i n g  c o n c e n t r a t i o n s  o f  dye; 1 ; 1 0 , 0 0 0 ; 
1:25 ,000;  1 : 5 0 ,0 0 0 ;  1 :100 ,0 00 ;  1 :25 0 ,00 0 ;  1 : 5 0 0 ,0 0 0 .
The f o l l o w i n g  a d d i t i o n a l  s e r i e s  o f  t e s t  media were  
made i n  t h e  same way.
Ag e n t  .hange  o f  c o n c e n t r a t i o n s
P ro f lav in e  1 : 1 0 ,0 0 0 ,  1 : 2 5 ,0 0 0 ,  1 : 5 0 ,0 0 0 ,  1 :1 0 0 ,0 0 0 ,
1 :2 5 0 ,0 0 0 ,  1 : 5 0 0 ,0 0 0 .
Malachite green  As above
Potassium t e l l u r i t e  " TI
Sodium o x id e  ,T rT
S i lv er  n i t r a t e  rT IT
Hibitane fT T
Oxalic ac id  1 :2 0 0 ,  1 : 2 , 0 0 0 ,  1 : 4 ,0 0 0 ,  1 : 5 ,0 0 0
Con t r o l  medium: The c o n t r o l  medium i n  t h i s  exper im ent
c o n s i s t e d  o f  1 . 8  m l .  o f  b a s a l  medium p l u s  0 * 2  m l .  o f  
Proskauer and Beck medium.
Inoculum: The H3 7 EV s t r a i n  was used  f o r  t h e s e  e x p e r im e n ts .
The inoculum  c o n s i s t e d  o f  a p o r t i o n  o f  a 1 0 - d a y - o l d  s u r f a c e  
c u l t u r e  o f  t h i s  s t r a i n  in  Proskauer  and Beck medium c o n t a i n ­
in g  1 0  per  c e n t ,  o f  h o r s e  serum; t h e  s i z e  o f  t h e  inoculum  
was a p p r o x im a t e ly  1  m i l l i m e t r e  i n  d i a m e t e r .
In c u b a t io n  and r e c o r d i n g  o f  r e s u l t s . The i n o c u l a t e d  media  
were in c u b a te d  a t  3 7 °G« The r e s u l t s  were re co rd ed  as f o l l o w s .
Complete i n h i b i t i o n . "Complete i n h i b i t i o n "  was recorded  
when th e  inoculum  i n c r e a s e d  i n  s i z e  d u r in g  an in c u b a t i o n  
period  ( u s u a l l y  10  t o  14 days ) i n  which th e  s u r f a c e  o f  the  
c o n t r o l  medium became c o m p le t e l y  covered  w i t h  growth.
P a r t i a l  i n h i b i t i o n . " P a r t i a l  i n h i b i t i o n "  was record ed  when 
the inoculum i n c r e a s e d  in  s i z e  but  f a i l e d  to  cover  th e  whole  
s u r fa c e  o f  the  medium d u r in g  a p e r io d  i n  which th e  s u r f a c e  off 
the c o n t r o l  medium became c o m p le t e l y  c o v e r e d .
No i n h i b i t i o n . "No i n h i b i t i o n "  was record ed  when th e  inoculum  
covered t h e  whole  s u r f a c e  o f  th e  medium in  a t ime not  e x c e e d ­
ing  t h a t  i n  w h ic h  th e  w hole  s u r f a c e  o f  th e  c o n t r o l  medium 
became c o m p l e t e l y  c o v e r e d .
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E x p e r i m e n t  7 .  The i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  
f rom s p u t u m b y  me a n s  o f  c o m b i n a t i o n s  o f  p a n o r e a t i n  
w i t h  b a c t e r i o s t a t i c  a g e n t s .
P a n o r e a t i n .  P a n o r e a t i n  ( B . h . H . i  was made up i n  a 2 .per
c e n t ,  s o l u t i o n  i n  -phosphate  b u f f e r  a t  pE 7 . 6 .  The
o
s o l u t i o n  was l e f t  a t  4 C and ; f r e s h  s o l u t i o n s  were  made 
e v e r y  2 d a y s .
Combi n a t i o n s  o f  p a n c f e a t i n  w i t h  b a c t e r i o s t a t i c  a g e n t s .
The f o l l o w i n g  m ix t u r e s  were made fo r  h om ogen is in g  and 
d e c o n t a m in a t in g  sputum in  order to  i s o l a t e  t u b e r c l e  b a c i l l i ;  
the s t a t e d  c o n c e n t r a t i o n s  of  p a n o rea t in  and b a c t e r i o s t a t i c  
agent  are  t h o s e  p r e s e n t  i n  th e  m ixture#
a) P a n o r e a t i n  1 p e r  c e n t . ,  m a l a c h i t e  g r e e n  0 - 1  p e r  c e n t .
B-  ^ P a n o r e a t i n  1 p e r  c e n t . ,  e t h y l  v i o l e t  0 . 1  p e r  c e n t ,  
o) P a n o r e a t i n  1 p e r  c e n t . ,  p r o f l a v i n e  0 . 1  per  c e n t .
d)  P a n o r e a t i n  1 p e r  c e n t . ,  H i M i & n e  1 Pe ** c e n t .
e) P a n o r e a t i n  1 p e r  c e n t . ,  Desogen 1 p e r  c e n t .
f )  P a n c - r e a t i n  1 p e r  c e n t . ,  s i l v e r  n i t r a t e  0*1 p e r  c e n t .
g) P a n o r e a t i n  1 p e r  c e n t . ,  m e r c u r i c  c h l o r i d e  0*1 p e r  c e n t .
p r e p a r a t io n  o f  sputum f o r  c u l t u r e . Sputum was mixed, w i t h  
an e q u a l  volume o f  th e  m ix tu re  o f  p a n o r e a t in  and b a c t e r i o ­
s t a t i c  a g en t  and in c u b a te d  f o r  20  m in u te s  a t  2 7 °C. The 
homogenate was th en  g e n t l y  mixed by r e p ea te d  a s p i r a t i o n  
i n t o  and d i s c h a r g e  from a f i n e  p a s t e u r  p i p e t t e  f i t t e d  w i t h  
a rubber t e a t .  This  i s  a p o t e n t i a l l y  dangerous  procedure  
and care  was taken. t o  a vo id  v i o l e n t  movement, s p l a s h i n g  or 
b u b b l in g  o f  t h e  hom ogenate .  Two i S w e n s t e i n - j e n s e n  s l o p e s  
were i n o c u l a t e d  from th e  homogenate; one s l o p e  r e c e i v e d  2  
drops o f  homogenate from a p a s te u r  p i p e t t e ,  th e  o th er  
r e c e i v e d  1  l o o p f u l  o f  homogenate spread e v e n l y  over th e  s u r f a c e  
o f  the medium.
Method o f >a s s e s s i n g  t h e  e f f i c i e n c y  o f  th e  m i x t u r e s . specim ens  
of  sputum c o n t a i n i n g  l a r g e  numbers o f  t u b e r c l e  b a c i l l i  were  
used i n  order  t o  i n d i c a t e  w hether  any o f  the  m ix t u r e s  o f  
p a n o r e a t in  w i t h  b a c t e r i o s t a t i c  agent  d e s e r v e d  a more c r i t i c a l  
exam inat ion  ( s e e  p .  81 o f  t h i s  t h e s i s ) .  The numbers o f  
Specimens u se d  t o  t e s t  each  method were as f o l l o w s .
Method  Number o f  s p e c i m e n s
P a n crea t in -m a la c h i te  green 1G
P a n o r e a t in -e th y l  v i o l e t 5
P a n o r e a t in -p r o f la v in e 5
P a n o r e a t in -h ib i ta n e 16
P ancreat in -desogen 6
P a n c r e a t i n - s i l v e r  n i t r a t e 4
Panoreatin-mercuric  c h lo r id e
4
9 9
Ex p e r i ment  8 .  T n e ^ i s o l a t i o n  o f  t u b e r c l e  b a c i l l i
f rom sputum w i t h  c o m b i n a t i o n s  o f  d i f f e r e n t  
o o n c e n t r a t i o n s  of. t r i s o d i u m  p h o s p h a t e  
w i t h  b a c t e r i o s t a t i c  a g e n t s .
The f o l l o w i n g  m i x t u r e s  o f  t r i s o d i u m  p h o s p h a t e  and 
b a c t e r i o s t a t i c  a g e n t s  were  used f o r  p r e p a r i n g  sputum f o r  
c u l t u r e .
T r i s o d i u m  p h o s p h a t e  w i t h  p r o f l a v i n e .  ' S o l u t i o n s  of  10 per  
c e n t . . ,  5 p e r  c e n t ,  and 1 p e r  c e n t ,  a n h y d r o u s  t r i s o d i u m  
p h o s p h a t e  we r e  p r e p a r e d ,  each  c o n t a i n i n g  0*01 p e r  c e n t ,  o f  
of  p r o f l a v i n e .
T r i  s o d i um ph o s p h a t e  w i t h  h i b i t - a n e . ■ S o l u t i o n s  o f  10 per  
c e n t . ,  5 p e r  c e n t ,  and 1 pe r  c e n t ,  a n h yd r o us  t r i s o d i u m  
p h o s p h a t e  we r e  p r e p a r e d ,  e a c h  c o n t a i n i n g  0*01 pe r  c e n t ,  o f  
h i b i t a n e .
C o n t r o l  s o l u t i o n s . S o l u t i o n s  o f  10 p er  c e n t . ,  $ p e r  c e n t ,  
and 1 per  c e n t ,  a nh y d r o u s  t r i s o d i u m  p h o s p h a t e  were  p r e p a r e d  
w i t h o u t  t h e  a d d i t i o n  o f  b a c t e r i o s t a t i c  a g e n t s .
P r e p a r a t i o n  o f  sputum f o r  c u l t u r e . Specimens  o f  sputurn 
were d i v i d e d  i n t o  9 e q u a l  p o r t i o n s .  Each p o r t i o n  was mixed  
wi t h  an e q u a l  volume of  one. o f  t h e  above t r i 3 odium p h o s p h a t e  
s o l u t i o n s . A f t e r  an i n c u b a t i o n  p e r i o d  of  24 h o u r s  a t  3 7 ° u  
t h e  m i x t u r e s  wer e  n e u t r a l i s e d  w i t h  A per  c e n t .  ( v/v I s u l p n u r i c
loo
a c i d -  A s l o p e  o f  I S w e n s t e i n - J e n s e n  medium was i n o c u l a t e d  
f rom e a c h  h o m o g en a t e ;  t h e  i n o c u l u m  c o n s i s t e d  o f  1 d r o p  
f rom a p a s t e u r  p i p e t t e .
Method o f  a s s e s s i n g  t h e  e f f i c i e n c y  of  t h e  m i x t u r e s . a s  i n  
e x p e r i m e n t  7 o n l y  a p r e l i m i n a r y  t r i a l  was c a r r i e d  out  w i t h  
t h e  m i x t u r e s  d e s c r i b e d  above  ( s e e  p .  81 o f  t h i s  t h e s i s ) .  
Four  s p e c i m e n s  wer e  examined;  ■ e a c h  c o n t a i n e d  numerous  
t u b e r c l e  b a c i l l i  and was examined as  d e s c r i b e d  a b o v e .
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Ex p e r i m e n t  9.  The use  of  T e e po l  i n  t ne  i s o l a t i o n
o f  t u b e r c l e  b a c i l l i  f r om s p u t u m.
B r o w n i n g ’ s method .
Sputum was mixed w i t h  an e q u a l  volume of  T e e p o l .  A f t e r  
4 h o u r s  2 L t f w e n s t e i n - J e n s e n  s l o p e s  wer e  i n o c u l a t e d  f rom t n e  
homogena t e ;  one s l o p e  r e c e i v e d  1 l c o p f u l  o f  h omogena te  e v e n l y  
d i s t r i b u t e d  o v e r  t h e  s u r f a c e  o f  t h e  medium,  t h e  o t h e r  r e c e i v e d  
4 d r o p s  o f  h om og en a t e  f rom a p a s t e u r  p i p e t t e .
Me t hod  o f  a s s e s s i n g  t h e  e f f i c i e n c y  o f  B r o w a i n g r s m e t h o d . Ahe 
method was t e s t e d  w i t h  5 s p e c i me n s  of  spu tum known t o  c o n t a i n  
a c i d - f a s t  b a c i l l i ,  Onl^ a p r e l i m i n a r y  t r i a l  was made ( s e e  
p.  81- o f  t n i g  t h e s i s ) ,
The s odium h y d r o x i d e  t e e p o l  met  nod .
A s o l u t i o n  was p r e p a r e d  c o n t a i n i n g  1 per  c d n t . sodium 
h y d r o x i d e  and 25 p e r  c e n t .  T e e p o l  . T h i s  was us ed  f o r  
h om og en i s i n g  and d e c o n t a m i n a t i n g  sputum s p e c i m e n s  i n  t h e  
manner d e s c r i b e d  f o r  4 p e r  c e n t ,  sodium n y d r o x i d e  ( s e e  p.  74 
of t h i s  t h e s i s ) .
P r e p a r a t i o n  o f  spu tum f o r  i n o c u l a t i o n .  A11nough t h e  s o l u t i c n  
used f o r  h o m o g e n i s a t i o n  and d e c o n t a m i n a t i n g  i s  t h a t  d e s c r i b e d  
by T i s o n ,  t h e  d e t a i l s  o f  i t s  u s e  d i f f e r  i n  s e v e r a l  i m p o r t a n t
r e s p e c t s  f rom t n o s e  p r e s c r i b e d  by T i s o n .  f i r s t ,  t n e  n e u t r a l i ­
s a t i o n  p r o c e d u r e  i s  o m i t t e d .  S e c o n d , t n e  t i m e  of  cer. t r i -
f u g a t io n  i s  2 0  m in u tes  i n s t e a d  o f  1 h o u r .  Third ,  t h e  
homogenised m a t e r i a l  was washed o n ly  once i n s t e a d  o f  
s e v e r a l  t i m e s .  Wo doubt t n e  s i m p l i f i e d  method d e s c r i b e d  
above may y i e l d  l e s s  s a t i s f a c t o r y  r e s u l t s  than t h o s e  
cla imed by T ison  f o r  h i s  o r i g i n a l  method ( s e e  p .  h i  and 
t a b l e s  28 and 29 o f  t h i s  t h e s i s ) .  The aim o f  the  p r e s e n t  
experiment i s  'to f i n d  out w hether  a s i m p l i f i c a t i o n  o f  
Tison Ts metnod i s  more e f f i c i e n t  than tn e  sodium h y d ro x id e  
method; tn e  e f f i c i e n c y  o f  T i s o n fs own procedure  was not  
i n v e s t i g a t e d  b eca u se  i t  i n  u n s u i t a b l e  f o r  r o u t i n e  l a b o r a t o r y  
p r a c t i c e ;  th e  c e n t r i f u g a t i o n  t ime a lo n e  maxes i t  im p r a c t ­
i c a b l e  f o r  l a r g e  numbers o f  r o u t i n e  s p e c im e n s .
Method o f  a s s e s s i n g  t h e  e f f i c i e n c y  of  tn e  sodium hy d r o x i d e -  
t e e p ol  me t h o d . The p roced u re  d e s c r i b e d  on p .  82 o f  t h i s  
t h e s i s  was adopted;  S r e p l i c a t e  spec im ens  were examined 
from each o f  15 p a t i e n t s  - a t o t a l  o f  45 s p e c im e n s .  The 
e f f i c i e n c y  o f  sodium h y d r o x i d e - t e e p o l  method was compared 
with t n a t  o f  tn e  s tandard  sodium h y d ro x id e  method.  The 
number o f  p a t i e n t s  examined was s m a l l  b eca u se  tn e  experiment  
was te r m in a te d  as  soon as i t  became c l e a r  t h a t  th e  m o d i f i e d  
sodium n y d r o x i d e - t e e p o l  method was no more e f f i c i e n t  tnan  
the sodium h y d r o x id e  method.
Experiment  IQ. The im portance  o f  c e n t r i f u g a t i o n  
i n  th e  sodium h y d ro x id e  m e th o d .
P r e p a r a t io n  o f  sputum f o r  c u l t u r e . Each spec im en o f  
sputum was hom ogenised  and d eco n ta m in a ted  w i t h  an eq u a l  
volume o f  4 per c e n t ,  sodium h y d ro x id e  ( s e e  th e  sodium  
h y d rox id e  method,  s t e p  ( a )  p .  74 o f  t h i s  t h e s i s ) .  one — 
t e n t h  o f  t h e  homogenate was t r a n s f e r r e d  t o  a s e p a r a t e  
c o n t a i n e r ,  and n e u t r a l i s e d  w i t h  3 p e r  c e n t .  (V/V) o f  
s u lp h u r ic  a c id ;  a l l  o f  the  n e u t r a l i s e d  homogenate was 
i n o c u l a t e d  on 2 s l o p e s  o f  L b w e n s t e in - j e n s e n  medium by 
means o f  a s t e r i l e  p a s t e u r  p i p e t t e .  The rem ain in g  n i n e -  
t e n t h s  o f  t h s  sputum was prepared  f o r  c u l t u r e  by c e n t r i ­
f u g a t i o n  and w ash in g  as  d e s c r i b e d  i n  s t e p s  (b )  and ( c )  
of t h e  sodium h y d r o x id e  method on p .  7 5  o f  t h i s  t h e s i s .
Method o f  a s s e s s i n g  t h e  e f f i c i e n c y  o f  t h e  sodium h y d r o x id e  
method i n  which  c e n t r i f u g a t i o n  was o m i t t e d . A s e r i e s  o f  
74 sp e c im en s  o f  sputum, was exam ined.  Each specim en was  
ob ta in ed  from a d i f f e r e n t  p a t i e n t  and was n e g a t i v e  by  
m icroscopy f o r  a c i d - f a s t  b a c i l l i .  The hom ogenised  spec im ens  
were t r e a t e d  as  d e s c r i b e d  above and the  r e s u l t s  o f  c u l t u r e  
without c e n t r i f u g a t i o n  were compared w i t h  t h o s e  i n  w h ich
washing and c e n t r i f u g a t i o n  were c a r r i e d  o u t .
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E x o e r i m e n t  I I .  f f l u i d me d i a  f  o r  t n e i s o l a t i on
o f  t u b e r c l e  b a c i l l i  f rom s p u t u m .
i n  t h i s  e x p e r i m e n t  t h e  E*Y* medium and t n e  P . p .  medium 
•■described on page 74 o f  t n i s  t h e s i s  w e r e  u s e d  f o r  t n e  
i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  f rom sputum i n  c o m p a r i s o n  w i t h  
the  s t a n d a r d  sod ium h y d r o x i d e  m e t h o d .
T r i a l  o f  t n e  E»Y> m ed iu m.
Sputum s p e c i m e n s . T h i r t y - t w o  s p e c i m e n s  o f  spu tum wer e  
c u l t u r e d  i n  E*Y* medium and by t he  sod ium h y d r o x i d e  m e t h o d .
In a l l  o f  t h e  s p e c i m e n s  d i r e c t  m i c r o s c o p y  f a i l e d  t o  d e t e c t  
a c i d - f a s t  b a c i l l i .  A f t e r  c o n c e n t r a t i o n  by t h e  sod ium 
h y d r o x i d e  method 7 o f  t n e  32 s p e c i m e n s  were  shown by 
m i c r o s c o p y  t o  c o n t a i n  a few a c i d - f a s t  b a c i l l i ;  t n e  r e m a i n i n g  
25 s p e c i m e n s  were  n e g a t i v e  f o r  a c i d - f a s t  b a c i l l i  even a f t e r  
c o n c ' e n t r a t i  o n .
Pr e p a r a t i o n  o f  s pu tum f o r  c u l t u r e .  E a c h  spec i me n  was 
c a r e f u l l y  d i v i d e d  i n t o  2 e q u a l  p o r t i o n s  ( s e e  p .  82 o f  t h i s  
t h e s i s  ) .
One p o r t i o n  was t r a n s f e r r e d  to  30  m l .  o f  s*7* medium 
c o n t a i n e d  i n  a f l a t  s c r e w - c a p p e d  b o t t l e  o f  1 0 0 m l .  c a p a c i t y .
The i n o c u l a t e d  b o t t l e  was i n c u b a t e d  i n  a h o r i z o n t a l  
p o s i t i o n  a t  37°C i n  o r d e r  t o  p r o v i d e  t h e  maximum s u r f a c e  
area  f o r  t h e  f r e e  p a s s a g e  o f  oxygen i n t o  t n e  medium.
At we ek l y  i n t e r v a l s  f o r  8 weeks  s m e a r s  we r e  made f rom t n e
105
s e d i m e n t  o f  t h e  medium,  s t a i n e d  by t h e  h i e h l - B e e l s e n  
method and exami ned  m i c r o s c o p i c a l l y  ■‘With t h e  2 / 5  i n c h  
o b j e c t i v e  f o r  t h e  p r e s e n c e  o f  m i c r o c o l o n i e s  o f  t u b e r c l e  
b a c i l l i •
Tne s econd  p o r t i o n  was c u l t u r e d  by t n e  s t a n d a r d  
sodium h y d r o x i d e  method  as  d e s c r i b e d  on p .  74 o f  t n i s  t m e s i s .
Tri a l  o f  t n e B.'ff. me d i u m.
3 put  um s pec irn en. s * T w e n t y - s e v e n  s p e c i m e n s  wer e  c u l t u r e d  
in .the P.]?.  medium and by  t h e  sodium h y d r o x i d e  m e t h o d .  In
5 of  t n e  s p e c i m e n s  a c i d - f a s t  b a c i l l i  wer e  d e t e c t e d  by 
d i r e c t  m i c r o s c o p y ;  i n  a f u r t h e r  5 o f  t n e  s p e c i m e n s  a c i d -  
f a s t  b a c i l l i  were  d e t e c t e d  by m i c r o s c o p y  o n l y  a f t e r  c o n c e n t r a t i o n  
by t n e  sodium h y d r o x i d e  method;  i n  t n e  r e m a i n i n g  l b  s p e c i m e n s  
a c i d ' - f a s t  b a c i l l i  we r e  n o t  d e t e c t e d  even  a f t e r  c o n c e n t r a t i o n .  
P r e p a r a t i o n  o f  sputum f o r  c u l t u r e . E ach  specimen was 
c a r e f u l l y  d i v i d e d  i n t o  2 e q u a l  p o r t i o n s  ( s e e  p .  82 o f  t n i s  
t h e s i s  ) •
One p o r t i o n  was h o m o ge n i s ed  and d e c o n t a m i n a t e d  w i t h  
an e q u a l  volume o f  1 pe r  c e n t ,  sod ium h y d r o x i d e  by i n c u b a t ­
ing a t  37°C f o r  20 m i n u t e s .  The h omogena te  was t n e n  
t r a n s f e r r e d  t o  a f l a t  100 m l .  s c r e w - c a p p e d  b o t t l e  c o n t a i n ­
ing 20 m l .  of  P . E .  medium.  N e u t r a l i s a t i o n  o f  t ne  xiomo- 
sena t e  was u n n e c e s s a r y  b e c a u s e  t n e  b u f f e r i n g  a c t i o n  of  t n e  
P»E. medium was s u f f i c i e n t  t o  m a i n t a i n  a pH o f  6 .8  t o  7 . 4
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a f t e r  i n o c u l a t i o n  w i t h  t h e  sodium h y d r o x id e  hom ogenate .
The i n o c u l a t e d  medium was in c u b a te d  i n  a h o r i z o n t a l  
p o s i t i o n  f o r  8 weeks and examined f o r  m i c r o c o l o n i e s  o f  
t u b e r c l e  b a c i l l i  as  d e s c r i b e d  f o r  t h e  IC.V. medium on p .  104 
o f  t h i s  t h e s i s .
The second p o r t i o n  was c u l t u r e d  by t h e  sodium  
h y d rox id e  method as d e s c r i b e d  on p .  7 4  o f  t h i s  t h e s i s .
1 U7
Experiment 12 . The e v a l u a t i o n  o f  N assau*s
swab method o f  i s o l a t i n g  t u b e r c l e  
b a c i l l i  from sputum.
p r e p a r a t i o n  o f  sputum f o r  c u l t u r e  by N a s s a u ' s  swab 
method . Two s t e r i l e  swabs mounted on orange s t i c k s  were  
m o is te n e d  i n  d i s t i l l e d  w a t e r .  They were th e n  immersed 
and r o t a t e d  i n  th e  specim en o f  sputum so t h a t  some sputum 
adhered t o  them. Each swab was p la c e d  i n  a s t e r i l e  tube  
( 5n x  | - rT ) and tn e  tube was h a l f - f i l l e d  w i t h  5 per  c e n t ,  
o x a l i c  a c i d .  A f t e r  2 5 m in u tes  a t  room tem p eratu re  each  
swab was t r a n s f e r r e d  t o  a second tu be  c o n t a i n i n g  5 per  
c e n t ,  sodium c i t r a t e  t o  n e u t r a l i s e  th e  a c i d .  A f t e r  1q 
m inutes  a s e p a r a t e  s l o p e  o f  i O w e n s t e i n - j e n s e n  medium was  
i n o c u l a t e d  from e a ch  swab. The swab was p r e s s e d  and 
r o t a t e d  on t h e  medium so t h a t  most  o f  th e  sputum was  
t r a n s f e r r e d  t o  th e  medium. The swabs were th en  d i s c a r d e d  
i n t o  l y s o l .  I n o c u l a t e d  s l o p e s  were in c u b a te d  f o r  8 weeks  
at 3 7 ° o  and examined a t  w e e k ly  i n t e r v a l s .
Method o f  a s s e s s i n g  the  e f f i c i e n c y  of  the  swab method. Pour 
groups o f  specimens were examined.
The f i r s t  g r o u p  c o n s i s t e d  o f  S6 s p e c i m e n s  i n  w h i c h  
a c i d - f a s t  b a c i l l i  we r e  d e m o n s t r a t e d  by m i c r o s c o p y .  These  
spec i me ns  we r e  c u l t u r e d  o n l y  by  t h e  swab met hod  i n  o r d e r  
to e s t a b l i s h  w h e t h e r  o r  n o t  t h e  method d e s e r v e d  a more
l o b
c r i t i c a l  ex a m in a t io n  ( s e e  p.. 81 o f  t h i s  t h e s i s ) .
There were 30 spec im en s  i n  th e  secon d  group;  
they were examined by t h e  swab method and by t h e  s ta n d a rd  
sodium h y d r o x id e  method.  In th e  spec im ens  i n  t h i s  group,  
a c i d - f a s t  b a c i l l i  were dem onstrated  by m ic r o sc o p y  but  o n ly  
a f t e r  c o n c e n t r a t i o n  by t h e  sodium h y d r o x id e  method.
The t h i r d  group c o n s i s t e d  o f  130  spe c im en s  i n  w hich  
a c i d - f a s t  b a c i l l i  w ere  not  s e en  even  a f t e r  c o n c e n t r a t i o n  
by t h e  sodium h y d r o x id e  method.  Each spec im en  was 
obta ined from a d i f f e r e n t  p a t i e n t  and was examined by th e  
swab method and by th e  sodium h y d ro x id e  method ( s e e  p .  7 4  
o f  t h i s  t h e s i s  ) .
The f o u r t h  group o f  spec im ens  a l s o  c o n s i s t e d  o f  
specimens i n  which  a c i d - f a s t  b a c i l l i  were not  s e e n  by 
m ic r o s c o p y . There were 104 spec im ens  i n  th i s ^ g r o u p  
but t h e y  were o b ta in e d  from on ly  41 p a t i e n t s ,  each p a t i e n t  
c o n t r i b u t i n g  2 or more r e p l i c a t e  s p e c im e n s .  Each specim en  
was c u l t u r e d  by t h e  swab method and by th e  sodium h y d r o x id e  
method. The c r i t i c a l  procedure d e s c r i b e d  on p .  82 o f  
t h i s  t h e s i s  was not adopted f o r  t h i s  exper im ent  b e c a u s e ,  
a l though  t h i s  ex p e r im en t  appears  as  t h e  t w e l f t h  exper im ent  
i t  was c a r r i e d  out b e f o r e  th e  v a lu e  o f  th e  e x a m in a t io n  o f  
r e p l i c a t e  sp e c im en s  was a p p r e c i a t e d ;  i t  was i n  f a c t ,  t h e  
experiment w hich  drew my a t t e n t i o n  to  th e  v a lu e  o f  
r e p l i c a t e  spe c im en s  f o r  the  c r i t i c a l  a s se s sm e n t  of  methods
of i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom spu tum i n  c i r c u m s t a n c e s  
i n  w h i c h  i t  was  n o t  p o s s i b l e  t o  exami ne  s e r i e s  o f  s p e c i m e n s  
on t h e  s c a l e  a d o p t e d  i n  t h e  i n v e s t i g a t i o n  made by t h e  
p u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  ( s e e  p* 13 o f  t h i s  t h e s i s ) *
.Ex p e r i m e n t  1 2 .  Compari s o n  o f  sputum c u l t u r e 
and l a r y n g e a l  swab c u l t u r e  f o r  t h e  i s o l a t i o n  
o f  t u b e r c l e  b a c i l l i  f rom p a t i e n t s s u f f e r ­
i ng  from pulm onary  t u b e r c u l o s i s .
La r y n g e a l  s w a b s . Tne swabs c o n s i s t e d  of  a g e n e r o u s  
w rapping  o f  n y l o n  wool  on t h e  r o u g h e n e d  end o f  a i n o n e s  
of b r a s s  w i r e .  Kylon wool  was u s e d  i n s t e a d  o f  c o t t o n  
wool b e c a u s e  Tnomas (1 9 5 6 )  showed t n a t  t u b e r c l e  b a c i l l i  
were more  e a s i l y  r e c o v e r e d  f rom  n y lo n  wool  t h a n  f rom c o t t o n  
wool* Tne swabs w ere  a s s e m b le d  i n  s t o p p e r e d  g l a s s  t u b e s  
as i l l u s t r a t e d  i n  f i g *  3 and t h e  a s se m b le d  swabs w e re  
s t e r i l i s e d  by s u t o c l a v i n g  a t  15 l b s *  p r e s s u r e  f o r  20 
m i n u t e s •
L a ry n g ea l  swab s p e c i m e n s * AS t n e  w i r e  was w i th d ra w n  from 
tne s t e r i l e  t u b e  i t  was b e n t  a p p r o x i m a t e l y  i n  ones  from 
th e  swab end t o  form an a n g l e  o f  a p p r o x i m a t e l y  100 d e g r e e s  
with  t n e  main  p a r t  o f  t h e  w i r e .  The n y lo n  swab was t h e n  
m o is tened  i n  s t e r i l e  d i s t i l l e d  w a t e r .  The p a t i e n t  was 
i n s t r u c t e d  to  p u l l  h i s  to n g u e  w e l l  forward, w i t h  a gauze  
swab and t n e  n y l o n  swab was p a s s e d  i n t o  t h e  p h a r y n x .  Then, 
w i th o u t  t n e  a i d  o f  a l a r y n g e d  m i r r o r ,  t n e  swab was 
r a p i d l y  m anoeuvred  to w a r d s  t n e  l a r y n x . &t t n i s  p o i n t
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the p a t i e n t  u s u a l l y  coughed; i f  he d id  not oough he was 
in s t r u c t e d  to  do s o .  The swab was th en  w ithdraw n from  
the p a t i e n t  and as i t  was r e p la c e d  i n  th e  s t e r i l e  tu b e  
the w ir e  was s t r a i g h t e n e d  a g a in s t  th e  s i d e  o f  th e  g l a s s .
The o p e r a t o r  was p r o t e c t e d  f rom i n f e c t i o n  b y  w e a r i n g  a 
s u r g i c a l  gown, c a p ,  m ask  and a t r a n s p e r e n t  f a c e  v i s o r  
made from o ld  X - r a y  f i l m .
P r e p a r a t i o n  o f  l a r y n g e a l  swab s p e c im e n s  f o r  c u l t u r e . The 
swabs w ere  d e c o n t a m i n a t e d  w i t h  o x a l i c  a c i d  a s  d e s c r i b e d  on 
p. 107 o f  t h i s  t h e s i s  f o r  N a s s a u ' s  swab m e th o d .
Assessment o f  t h e  e f f i c i e n c y  o f  t h e  l a r y n g e a l  swab m e t h o d . a 
p r o c e d u re  s i m i l a r  t o  t h e  c r i t i c a l  p r o c e d u r e  d e s c r i b e d  on p . o ^  
of t h i s  t h e s i s  was a d o p t e d .  A g ro u p  o f  46 p a t i e n t s  was 
o b ta in e d  whose spu tum  s p e c im e n s  w ere  n e g a t i v e  f o r  a c i d -  
f a s t  b a c i l l i  by  d i r e c t  e x a m i n a t i o n .  E a ch  p a t i e n t  c o n t r i b u t ­
ed a s p e c im e n  o f  spu tum  on e a c h  o f  5 c o n s e c u t i v e  d a y s .  when 
each s p ec im e n  o f  sp u tu m  was c o l l e c t e d  two l a r y n g e a l  swabs 
were t a k e n  f rom t h e  p a t i e n t .  The s p e c im e n s  o f  spu tum  w e r e  
c u l t u f e d  by  t h e  sod ium  h y d r o x i d e  m ethod  ( s e e  p .  74 o f  t h i s  
t h e s i s ) .  I n  t h i s  w ay ,  f o r  e a c h  p a t i e n t ,  t h e  r e s u l t s  o f  3 
r e p l i c a t e  c u l t u r e s  b y  l a r y n g e a l  swab ,  e a c h  i n v o l v i n g  t h e  
e x a m in a t io n  o f  2 s p e c i m e n s ,  w ere  com pared  w i t h  t h e  r e s u l t s  
° f  3 spu tum  c u l t u r e s  made by  t h e  sod ium  h y d r o x i d e  m e th o d ;
b o th  k in d s  o f  ex a m in a tio n  were made from sp e c im en s  
c o l l e c t e d  a t  a p p r o x im a te ly  th e  same t im e .
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E x p e r i m e n t  1 4 .  C o n c e n t r a t i o n  o f  t u b e r c l e  
b a c i l l i  f rom h o m o g en a te s  o f  sputum by 
s e d i m e n t a t i o n - w i t h  b a r iu m  s u l p h a t e .
Barium s u l p h a t e  s u s p e n s i o n . A 10  p e r  c e n t ,  s u s p e n s i o n  
of  b a r iu m  s u l p h a t e  B . P .  i n  d i s t i l l e d  w a t e r  was u s e d .
A p p a r a t u s . S e d i m e n t a t i o n  t u b e s  were  made o f  s t o u t  
b o r o s i l i c & t e  g l a s s  t u b e s  ( f i g .  4 ) .  The t u b e s  w ere  7IT l o n g ;  
the  t o p  5 i n c h e s  nad an i n t e r n a l  d i a m e t e r  o f  3 / 4 "  and t h e  
bottom 2 i n c h e s  c o n s i s t e d  o f  a t a p e r e d  p o r t i o n  1 i n c h  
long  l e a d i n g  t o  a s t r a i g h t  t e r m i n a l  p o r t i o n  1 i n c h  l o n g  
w i th  a d i a m e t e r  o f  ^  i n c h .  A o n e - h o l e d  s t o p p e r  c a r r y i n g  
an 8 - i n c h  g l a s s  rod  was f i t t e d  t o  t h e  t o p  p o r t i o n  o f  t n e  
tube  and a 2 - i n c h  l e n g t h  o f  r u b b e r  t u b e  was f i t t e d  t o  t h e  
narrow b o t to m  p a r t  o f  t h e  t u b e .  The r u b b e r  t u b e  c o n t a i n e d  
a g l a s s  b e ad ;  t n e  d i a m e t e r  o f  t n e  bead  was s l i g h t l y  l a r g e r  
than  t h a t  o f  t n e  r u b b e r  t u b e .  The bead  a c t e d  a s  a s t o p ­
cock; when t n e  r u b b e r  t u b e  was p i n c h e d  f i r m l y  a t  t n e  l e v e l  
o f  t n e  g l a s s  b e a d ,  d i s t o r t i o n  o f  t n e  r u b b e r  t u b e  p e r m i t t e d  
f r e e  f lo w  o f  f l u i d .  Tne g l a s s  bead  was p r e f e r r e d  t o  a 
s p r i n g  c l i p  b e c a u s e  i t  f a c i l i t a t e d  t h e  p r e p a r a t i o n  and 
s t o r a g e  o f  a l a r g e  number o f  t u b e s .  When t n e  t u b e s  w ere  
assembled  f o r  s t e r i l i s a t i o n  t h e  t e r m i n a l  r u b b e r  p o r t i o n s  
were w rapped  i n  l e a d  f o i l  ( f i g .  5 ) ;  t h e  a s s e m b le d  t u b e s  
were s t e r i l i s e d  by a u t o c l a v i n g  a t  a p r e s s u r e  o f  15 l b s .
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p e r  s q u a r e  i n c h  f o r  20 m i n u t e s .
P re p a r a t i o n  o f  spu tum  f o r  c u l t u r e  by 'bar ium s u l p h a t e  
s e d i m e n t a t i o n .
( a ) H o m o g e n i s a t io n  and d e c o n t a m i n a t i o n  w i t h  s odium h y d r o x i d e .  
S t e r i l e  s e d i m e n t a t i o n  t u b e s  w e re  s e t  up i n  a r a c k  ( i f i g .  6 ) ,  
two f o r  e a c h  s p e c i m e n .  The f i r s t  t u b e  was  empty  and t h e  
second c o n t a i n e d  a p p r o x i m a t e l y  20 m l .  o f  p h o s p h a te  b u f f e r  
a t  pH 7 ( f i g .  6 ,  t u b e s  1 and 2 ) .  Spec im ens  o f  sputum w e re  
homogenised and d e c o n t a m i n a t e d  w i t h  an e q u a l  volume o f  4 per  c e n t ,  
sodium h y d r o x i d e  a s  d e s c r i b e d  i n  s t e p  ( a )  o f  t h e  sod ium  h y d r o x i d e  
method on p .  74 o f  t h i s  t h e s i s .  The volume of  t h e  hom ogena te  
was made up t o  20  m l .  w i t h  s t e r i l e  d i s t i l l e d  w a t e r  and 1 m l . o f  
bar ium s u l p h a t e  s u s p e n s i o n  was adcted.  The m i x t u r e  was t n e n  
i n v e r t e d  t w i c e  and p o u re d  c a r e f u l l y  i n t o  t h e  empty s e d i m e n t a t i o n  
t u b e .  A f t e r  10 m i n u t e s  t h e  a p p e a r a n c e  o f  t h e  two t u b e s  was 
t h a t  shown i n  f i g .  6 ,  t u b e s  3 and 4; t n e  l e a d  f o i l  was ti .er.  
removed f rom t h e  r u b b e r  p o r t i o n  o f  t n e  t u b e  c o n t a i n i n g  t h e  
homogenised s p e c im e n  ( f i g .  6 ,  t u b e  3 ) ;  by c o m p r e s s i n g  t h e  
ru b b e r  t u b e  a t  t n e  l e v e l  of  t h e  g l a s s  bead  t h e  s e d im e n t  was 
run i n t o  t n e  second s e d i m e n t a t i o n  tu b e  c o n t a i n i n g  s t e r i l e  
p h ospha te  b u f f e r  a t  pH 7 ( f i g .  6, t u b e  4 ) .  The s e d im e n t  
was d i s p e r s e d  i n  t n e  b u f f e r  by means o f  t n e  g l a s s  rod#  A f t e r  
10 m i n u t e s  t h e  a p p e a r a n c e  o f  t h e  two t u b e s  i s  t n a t  snown i n
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f i g .  6, t u b e s  5 and 6 .  The l e a d  f o i l  was t n e n  removed f rom 
the  end of  t h e  s eco n d  t u b e  and t h e  s e d im e n t  was r e l e a s e d  i n t o  
2 s l o p e s  o f  ibw en  s t e i n - J e n  sen  medium. A f t e r  u s e ,  t h e  s e d i m e n t ­
a t i o n  t u b e s  w e re  d i s c a r d e d  i n t o  a w a t e r t i g h t  m e t a l  box and 
s t e r i l i s e d  by a u t o c l a v i n g . a t  a p r e s s u r e  o f  10 l b .  p e r  s q u a r e  
in ch  f o r  80 m i n u t e s  b e f o r e  w a s n i n g .
(b ) Homoge n i s a t i o n  w i t h  a m i x t u r e  of  t r i s o d i u m  p h o s p h a t e 
and b e n z a l k o n i u m  c h l o r i d e . P a t t e r  son e t  a l  • ( l b 5 6 j  de so r ic -e d  
a method o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom sputum by homo­
g e n i s a t i o n  and d e c o n ta m in a t io n ,  w i t h  a m i x t u r e  o f  t r i s o d i u m  
p h o s p h a te  and b e n z a lk o n iu m  c h l o r i d e .  The method d i f f e r s  
from t h a t  d e s c r i b e d  on p .  74 o f  t h i s  t h e s i s  f o r  t h e  s t a n d a r d  
sodium h y d r o x i d e  metnod  i n  o n ly  5 r e s p e c t s .  P i r s t ,  t n s  
agen t  u s e d  f o r  h o m o g e n i s a t i o n  and d e c o n t a m i n a t i o n  o f  t n e  
sputum i s  a s o l u t i o n  c o n t a i n i n g  10 p e r  c e n t ,  t r i s o d i u m  pn os on cite 
( an h y d ro u s  s a l t )  and 0 . 1  p e r  c e n t ,  b e n z a lk o n iu m  c h l o r i d e ;  
second,  t n e  t i m e  o f  i n c u b a t i o n  o f  t n e  m i x t u r e  o f  sputum and 
d e c o n t a m i n a t i n g  a g e n t  i s  o n l y  15 m i n u t e s ;  and t h i r d ,  t n e  
p r o c e s s  o f  d e c o n t a m i n a t i o n  and h o m o g e n i s a t i o n  i s  c a r r i e d  o u t  
a t  room t e m p e r a t u r e .  B e c a u s e  P a t t e r s o n  e t  a l . c l a i m  t h a t  
t h e i r  method i s  more e f f i c i e n t  t h a n  e i t h e r  t n e  sodium h y d r o x i d e  
method o r  t h e  t r i s o d i u m  p h o s p h a te  method i t  was d e c i d e d  t o  a s s e s s  
tne e f f i c i e n c y  of  a m o d i f i c a t i o n  of  t h e  m ethod o f  P a t t e r s o n  et  a l .  
in whicn s e d i m e n t a t i o n  w i t h  bar ium  s u l p h a t e  was s u o s t i t u t e d  f o r  
c e n t r i f u g a t i o n .  D e t a i l s  o f  t h e  p r e p a r a t i o n  o f  s p u t  an f o r
l i b
c u l t u r e  by t h e  m o d i f i e d  t r i s o d i u m  p h o s p h a t e  -  b e n z a l k o n i u m  
c h l o r i d e  m ethod  d i f f e r  f rom t h o s e  o f  t h e  sod ium  h y d r o x i d e  
- ba r iu m  s u l p h a t e  m ethod  ( p .  114 ab o v e )  o n l y  i n  t h e  f o l l o w i n g  
r e s p e c t s :  1 )  t h e  spu tum  was hom ogen ised  and d e c o n t a m i n a t e d  
w i th  t r i s o d i u m  p n o s p h a t e - b e n z a l k o n i u m  c h l o r i d e  m i x t u r e  i n s t e a d  
of sodium h y d r o x i d e  and 2 )  h o m o g e n i s a t i o n  and d e c o n t a m i n a t i o n  
was l i m i t e d  t o  15 m i n u t e s  a t  room t e m p e r a t u r e ,
k gessm ent  o f  t h e  ef f i c i e n c y  o f  t h e  sodium h y d r o x i d e - ba r i um 
su l p h a t e  m e t h o d . Tne c r i t i c a l  p r o c e d u r e  d e s c r i b e d  on p .  82 
of t h i s  t h e s i s  was a p p l i e d .  Only a p r e l i m i n a r y  i n v e s t i g a t i o n  
was made i n v o l v i n g  t h e  e x a m i n a t i o n  o f  2 r e p l i c a t e  s p e c im e n s  
from each  o f  16 p a t i e n t s  -  a t o t a l  o f  48 s p e c im e n s  - by tn e  
sodium h y d r o x i d e - b a r i u m  s u l p h a t e  method and by t h e  s t a n d a r d  
sodium h y d r o x i d e  m e th o d .  The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  
(p .  169 and t a b l e  82 o f  t h i s  t h e s i s )  i n d i c a t e d  t h a t  s e d i m e n t ­
a t i o n  w i t h  b a r iu m  s u l p h a t e  m ig h t  be a good a l t e r n a t i v e  t o  
c e n t r i f u g a t i o n  and t h e r e f o r e  t h i s  m ethod  o f  c o n c e n t r a t i n g  
t u b e r c l e  b a c i l l i  f rom h o m o g e n a te s  of  sputum was  examined  more  
c r i t i c a l l y .  F o r  t h e  r e a s o n  g i v e n  above ( p .  115 ox t ^ i s  
t h e s i s )  h o m o g e n a te s  p r e p a r e d  by t h e  method o f . P a t t e r s o n  e t  a l « 
were u se d  f o r  t n e  c r i t i c a l  e x a m i n a t i o n  of  t h e  e f f i c i e n c y  o f  
the b a r iu m  s u l p h a t e  method o f  c o n c e n t r e d  i n g  t u b e r c l e  b a c i l l i .
eesment  o f  t h e  e f f i c i e ncy of  t n e t r i s o d i urn pn o s p h a te  
t e n z a lkon ium  c h l o r i d e - b a r l um s u l p h a t e  m e t n o d . Tne e f i i c i e n c y  
of t h e  t r i s o d i u m  o n o s p h a te  - o e n z a lk o n iu m  c n l o r i d e  -  ba r ium  
- b lo h a te  met  hob wms c o m p a r e d  w i t h  t ^o . t  ox x, ,e st^nc.,_ro -c u<,.i  urn
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hy d ro x id e  m e th o d .  The c r i t i c a l  p r o c e d u r e  d e s c r i b e d  on p .  82 
of t h i s  t h e s i s  was a d o p t e d  f o r  t h i s  c o m p a r i s o n .  Three  
r e p l i c a t e  s p e c i m e n s  f ro m  52 p a t i e n t s  -  a t o t a l  o f  156 s p e c im e n s  




A» Q u a n t i t a t i v e  s t u d i e s  based, on c o u n t s  
o f  v i a b l e  t u b e r c l e  “b a c i l l i  •
The p o s s i b l e  a d v a n t a g e s  o f  a p p l y i n g  a v i a b l e  c o u n t i n g  
p r o c e d u r e  t o  - the i n v e s t i g a t i o n  o f  m e thods  o f  i s o l a t i n g  t u b e r c l e  
b a c i l l i  f rom sputum  a r e  as  f o l l o w s .  F i r s t ,  s p e c im e n s  o f  
sputum c o n t a i n i n g  l a r g e  numbers  o f  t u b e r c l e  b a c i l l i  a r e  
r e a d i l y  o b t a i n a b l e .  S e co n d ,  t h e  e f f i c i e n c y  o f  m e th o d s  may 
be compared i n  t e rm s  o f  t n e  numbers  o f  t u b e r c l e  b a c i l l i  wjuion 
s u r v i v e  t n e  a p p l i c a t i o n  o f  t h e s e  m e t h o d s .  T h i r d ,  t n e  d e t a i l s  
o f  t h e  m e th o d s  may r e a d i l y  be  examined:  f o r  ex am p le ,  t h e
e f f i c i e n c y  w i t h  w h ic h  t u b e r c l e  b a c i l l i  may be r e c o v e r e d  from 
a h o m o g en a te  by c e n t r i f u g a t i o n  and t h e  l e t h a l  e f f e c t  o f  
n e u t r a l i s a t i o n  p r o c e d u r e s .  F o u r t h ,  i t  may be p o s s i b l e  t o  
a s s e s s  t h e  l e t h a l  e f f e c t s  o f  m ethods  n o t  o n ly  i n  r e l a t i o n  t o  
each  o t h e r  a s  i n  (£ )  above  b u t  i n  t e r m s  o f  t n e  numbers o f  
t u b e r c l e  b a c i l l i  p r e s e n t  i n  t h e  u n t r e a t e d  s p e c im e n ;  i n  
o t h e r  words  i t  may b e  p o s s i b l e  t o  a s s e s s  t n e  m e th o d s  i n  
a b s o l u t e  t e r m s  and t h u s  o b t a i n  i n f o r m a t i o n  w h ich  w i l l  d e c i d e  
w h e th e r  o r  n o t  t n e r e  i s  any hope  o f  i n t r o d u c i n g  new m e tn o d s  
which ,  b e c a u s e  t h e y  k i l l  s i g n i f i c a n t l y  f e w e r  t u b e r c l e  b a c i l l i ,  
w i l l  be s u p e r i o r  t o  e x i s t i n g  m e t h o d s .  T h i s  f o u r t h  p o s s i b i l i t y
may oe r e a l i s e d  under  two s e t s  of  c i r c um s t a n ce s  (1)  m e n
t h e  t u b e r c l e  b a c i l l i  ou tnum ber  t h e  o t h e r  o r g a n i s m s  i n  
t h e  spu tum  and can t h e r e f o r e  be e n u m e ra te d  w i t h o u t  i n t e r ­
f e r e n c e  by c o n t a m i n a t i o n  i n  t h e  w e a k e r  d i l u t i o n s  o f  spu tum  
and ( 2 )  i f  a s u i t a b l e  b a c t e r i o s t a t i c  a g e n t  i s  i n c o r p o r a t e d  
in  t h e  d i l u t i n g  f l u i d .  .
1 2 1
E x p e r i m e n t  I .
( a ) A c o m p a r i s o n  o f  t n e  numbers  o f  v i a b l e 
t u b e r c l e  b a o i l l i  p r e s e n t  i n u n t r e a t e d  
spu tum  w i t h  t h e  numbers  rema i n i n g i n  
t h e  same spu tum  a f t e r  t h e  a p p l i c a t i o n  
o f  s t a n d a r d  m e th o d s  of  p r e p a r i n g  spu tum  
f o r  c u l t u r e .
( b } The r e c o v e r y  o f  t u b e r o l e  b a o i l l i  f r om 
sw abs  i n o c u l a t e d  w i t h  d i l u t i ons  o f  
s p u tu m .
( o ) The  numbers  o f  v i a b l e  t u b e r c l e  b a c i l l i  
d i s c a r d e d w i t h  t h e  s u p e r n a t a n t  f l u i d  
a f t e r  c e n t r i f u g a t i o n •
Seven s p e c im e n s  o f  sputum w ere  s t u d i e d  by means  of  
t n e  v i a b l e  c o u n t i n g  p r o c e d u r e  d e s c r i b e d  on p .  78 of  t h i s  
t h e s i s .  The f o l l o w i n g  c o u n t s  w ere  m a d e : - 
(11 The num bers  o f  t u b e r c l e  b a c i l l i  p r e s e n t  i n  u n t r e a t e d  
p o r t i o n s  o f  s p u tu m .  Two s e t s  o f  c o u n t s  w ere  made f o r  eacn  
of  t h e  7 s p e c i m e n s ,  t h e  f i r s t  u s i n g  P r o s k a u e r  and .Beck 
medium a s  t h e  d i l u e n t  and t n e  second  u s i n g  t h e  same d i l u e n t  
c o n t a i n i n g  100  u n i t s  p e r  m l .  o f  p e n i c i l l i n  i n  o r d e r  t o  
s u p p r e s s  c o n t a m i n a n t s .
(2) Tne numbers  o f  t u b e r c l e  b a c i l l i  i n  p o r t i o n s  o f  spu tum  
t r e a t e d  w i t h  sod ium  h y d r o x i d e ,  t r i s o d i u m  p h o s e n a t e ,  s u l p n u r i o  
acid  o r  a c i d - i r o n - o e r o x i d  e ( s e e  pages  74 t o  78 o i  t n i s  t h e s i s  f #
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These c o u n t s  w ere  made f o r  each  o f  t n e  7 s p e c im e n s  o f  
sputum and w ere  made from s u s p e n s i o n s  o f  d e p o s i t s  o b t a i n e d  
by c e n t r i f u g i n g  sputum h o m o g e n a t e s .
(3 )  The numbers  o f  t u b e r c l e  b a c i l l i  w h ic h  co u ld  be r e c o v e r e d  
from c o t t o n  wool  swabs c h a r g e d  w i t h  Q.02 m l .  ( t h e  volume 
chosen  f o r  i n o c u l a t i n g  t n e  m ed ia  u sed  f o r  v i a b l e  c o u n t s ,  s e e  
p ,  79 o f  t h i s  t n e s i s )  o f  d i l u t e d  sputum and t r e a t e d  w i t h  
o x a l i c  a c i d .  The 4 h i g h e s t  d i l u t i o n s  o f  u n t r e a t e d  spu tum  
p r e p a r e d  f o r ' t n e  c o u n t s  i n  ( 1 )  above were  u sed  f o r  t h i s  
p u r p o s e ;  t n e  num bers  o f  t u b e r c l e  b a c i l l i  r e c o v e r e d  f rom  t n e  
swabs may t h e r e f o r e  be compared d i r e c t l y  w i t h  t n o s e  o b t a i n e d  
i n  ( 1 )  and ( 2 )  a b o v e .  T h is  i n v e s t i g a t i o n  was made w i t h  a l l  
o f  t h e  7 s p e c i m e n s  o f  sputum e x c e p t  number 6 .
(4 )  C o u n ts  were  made o f  t h e  numbers  o f  t u b e r c l e  b a c i l l i  p r e s e  
i n  t h e  s u p e r n a t a n t  f l u i d  o b t a i n e d  by c e n t r i f u g i n g  t h e  homogsn 
a t e s  p r e p a r e d  by t n e  sodium h y d r o x i d e ,  t r i s o d i u m  o n o s p h a t e ,  
s u l p h u r i c  a c i d  and a c i d - i r o n - p e r o x i d e  m e th o d s  f rom p o r t i o n s  o 
spec im en  number  5 and sp ec im e n  6 ( s e e  p .  86 o f  t n i s  t h e s i s  j .
The r e s u l t s  o f  t n e  f i r s t  3 s e t s  o f  c o u n t s  a r e  p r e s e n t e d  
in  t a b l e  55; t h e  r e s u l t s  o f  t h e  f o u r t h  s e t  a r e  p r e s e n t e d  in  
t a b l e  5 6 .  Tne f o l l o w i n g  p o i n t s  d e s e r v e  co m m e n t : -  
Numbers  of  t u b e r c l e  b a c i l l i  p r e s e n t  i n  u n t r e a t e d  p o r t i o n s  
of  sp u tum .  S u c c e s s f u l  c o u n t s  w i t h o u t  t n e  a i d  o f  p e n i c i l l i n  
o f  t n e  num bers  of  t u b e r c l e  b a c i l l i  p r e s e n t  i n  u n t r e a t e d  
p o r t i o n s  o f  spu tum w ere  o b t a i n e d  o n ly  w i t h  2 s p e c i m e n s ,  numoe
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4 QLiC 6 .  I n  t i .e s  e two s p e c im e n s  t ^ e  c o u n t  o u t l i n e d  Tilth 
t h e  a i d  o f  p e n i c i l l i n  was a p p r o x i m a t e l y  e q u a l  t o  t h a t  
o b t a in e d  w i t h o u t  p e n i o i l l i n .  I t  i s  r e a s o n a b l e ,  t h e r e f o r e ,  
to  r e g a r d  t n e  c o u n t s  o b t a i n e d  o n l y  w i t h  t h e  a id  o f  p e n i c i l l i n  
in  4 o f  t n e  s p e c im e n s  (numbers  1 ,  2 ,  5 and 7) as  a t r u e  
e s t i m a t e  o f  t h e  numbers  o f  v i a b l e  t u b e r c l e  b a c i l l i  p r e s e n t  
in u n t r e a t e d  sp u tu m .  A c o n t r o l  f i g u r e  i s  t h e r e f o r e  a v a i l a b l e  
fo r  t h e  numbers  o f  t u b e r c l e  b a c i l l i  i n  t h e  u n t r e a t e d  p o r t i o n s  
of 6 o f  t n e  7 s p e c i m e n s ,  numbers I ,  2 ,  4 ,  5 ,  6 and 7; b e c a u s e  
bo th  s e t s  of  c o u n t s  from u n t r e a t e d  sputum were  d e s t r o y e d  by 
c o n t a m i n a t i o n  t h e r e  i s  no c o n t r o l  f i g u r e  f o r  sputum number  a .  
Pom pa r i s on o f  t h e  n umbers  o f  t u b e r  c l e  b a c i l l i  p r e s e n t  i n  
un t r e a t e d  p o r t i o ns  o f  sputum w i t h  t h e  numb e r s i n. p o r t i o n s  
t r e a te d  wi t n  d eoon ta m i n a t j . n g  a g e n t s . f n e  c o n t r o l  c o u h t  i s  
h ig h e r  t h a n  t h e  c o u n t s  o b t a i n e d  f rom sputum  - t r e a t e d  w i t h  
d e c o n t a m i n a t i n g  a g e n t s  i n  4 s p e c im e n s ,  numbers  2 ,  4 ,  5 and 6; 
i t  i s  n o t  s i g n i f i c a n t l y  l o w e r  t h a n  t h e  c o u n t s  o b t a i n e d  f rom 
sputum t r e a t e d  w i t h  d e c o n t a m i n a t i n g  a g e n t s  i n  t h e  2 o t n e r  
specimens f o r  v n i c n  c o n t r o l  c o u h t s  a r e  a v a i l a b l e ,  numbers  
1 and 7 .  A l th o u g h  t h e  o r d e r s  o f  e f f i c i e n c y  o f  t n :  sod ium  
h y d ro x id e ,  t r i s o d i u m  p h o s p h a t e ,  s u l p h u r i c  a c i d  and a c i d -  
i r o n - p e r o x i d e  m ethods  a r e  n o t  c o n s t a n t  f rom s p e c im e n  t o  
specimen, t h e  s u l p h u r i c  a c i d  method y i e l d s  t h e  h i g h e s t  
count a p a r t  f rom t n e  c o n t r o l  i n  5 o f  t h e  s p e c i m e n s ,  numbers
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2 ,  3 ,  4 ,  6 and 7; m o re o v e r ,  i n  a. s p e c i m e n s ,  numoers  2 ,  3 ,
5 and 7 t h e  s u l p h u r i c  a c i d  method and t h e  a c i d - i r o n - p e r o x i c i e  
method h o t h  y i e l d  h i g h e r  c o u n t s  t h a n  e i t n e r  o f  t n e  a l k a l i  
m e t h o d s .  I t  m us t  be e m p h a s is e d  t h a t  t h e  d e g r e e  o f  
d i f f e r e n c e  b e tw e e n  m e th o d s  i s  i r r e g u l a r ;  i t  may be  a l m o s t  
n e g l i g i b l e  a s  i n  s p e c im e n s  1 and 5 ,  a p p a r e n t l y  s i g n i f i c a n t  
as i n  s p e c i m e n s  2 ,  4 ,  6 and 7, o r  o f  d o u b t f u l  s i g n i f i c a n c e  
as i n  s p e c im e n  3 .
The l e t h a l  e f f e c t  o f  d e c o n t a m i n a t i n g  a g e n t s . Tne r e s u l t s  
in  t a b l e  55 show t n a t  t h e  l e t n a l  e f f e c t  o f  a l l  o f  t n e  
methods  i s  i r r e g u l a r .  In  spec im en  1 ,  t n e  l e t n a l  e f f e c t  o f  
a l l  o f  t n e  m e th o d s  i s  so  s m a l l  a s  t o  s u g g e s t  t h a t  any of  
tn e  4 m e th o d s  o f  d e c o n t a m i n a t i n g  spu tum s n o u ld  a lw a y s  d e t e c  
v i a b l e  t u b e r c l e  b a c i l l i  i f  any a r e  p r e s e n t  i n  t n e  s p e c i m e n .
The r a n g e  o f  t h e  l e t h a l  e f f e c t  i s  l e a s t  w i t h  t h e  s u l p h u r i c  
ac id  m e th o d ,  f rom no l e t h a l  e f f e c t  ( s p e c i m e n s  1 and 7 j  t o  a 
s u r v i v a l  e q u a l  t o  l e s s  t n a n  o n e - t n i r d  o f  t h e  c o n t r o l  f i g u r e  
( spec im en  5 ) .  The r a n g e s  f o r  t h e  o t h e r  m e th o d s  a r e  a s  f o i l c s s ;  
t h e  sod ium h y d r o x i d e  metiiod -  none ( sp e c im e n  1)  t o  a s u r v i v a l  
equa l  t o  o n e - e i g h t h  o f  t h e  c o n t r o l  f i g u r e  ( sp e c im e n  6 ) ;  t n e  
t r i s o d i u m  p h o s p h a t e  method -  none ( sp e c im e n  1)  t o  a s u r v i v a l  
equa l  to  l e s s  t h a n  o n e - t e n t h  o f  t h e  c o n t r o l  ( s p e c im e n  6 ) ;  
tne  a c i d - i r o n - p e r o x i d e  metnod -  f rom a s u r v i v a l  e q u a l  t o  f o u r  - 
f i f t n s  o f  t n e  c o n t r o l  f i g u r e  ( sp ec im e n  1J t o  a s u r v i v a l  of  
l e s s  tn a n  o n e - f o u r t e e n t h  o f  t n e  c o n t r o l  f i g u r e  ( s p e c im e n  6 b
ct-
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The r e c o v e r y  o f  t u b e r c l e  b a c i l l i  f rom c o t t o n - w o o l  s w a b s .
The numbers  o f  t u b e r c l e  b a c i l l i  r e c o v e r e d  f rom  c o t t o n - w o o l  
swabs i s  v e r y  low i n  a l l  t h e  s p e c im e n s  i n  w h ic h  t h i s  p o i n t  
was i n v e s t i g a t e d .  The g r e a t e s t  number  o f  o r g a n i s m s  
i s o l a t e d  was  l e s s  t h a n  one h a l f  o f  t h e  c o n t r o l  f i g u r e  
( sp ec im en  7 ) ;  i n  a l l  o t h e r  s p e c im e n s  t h e  p r o p o r t i o n  o f  
t u b e r c l e  b a c i l l i  r e c o v e r e d  f rom swabs was much l e s s  t h a n  
t h i s .  I t  m u s t  be e m p h a s i s e d ,  h o w e v e r ,  t h a t  t h e  swabs 
were c h a r g e d  w i t h  v e r y  d i l u t e  spu tum  w h i c h  r e a d i l y  s o a k e d  i n t o  
the  c o t t o n - w o o l ;  t h e  r e c o v e r y  f i g u r e s  i n  t a b l e  55 do n o t  
n e c e s s a r i l y  g i v e  a  r e l i a b l e  i n d i c a t i o n  o f  t h e  p o s s i b l e  
r e c o v e r y  o f  t u b e r c l e  b a c i l l i  f rom swabs c h a r g e d  w i t h  spu tum  
or w i t h  m a t e r i a l  f rom t h e  l a r y n x .
T u b e rc le  b a c i l l i  d i s c a r d e d  w i t h  t h e  s u p e r n a t a n t  f l u i d  a f t e r  
c e n t r i f u g a t i o n . I n  t h e  p r e p a r a t i o n  o f  t h e  t r e a t e d  p o r t i o n s  
of sputum f o r  v i a b l e  c o u n t i n g ,  h o m ogen ised  spu tum  was c e n t r i ­
fuged and t n e  s e d i m e n t  r e t a i n e d  f o r  c o u n t i n g  ( s e e  p .  84 o f  
t h i s  t h e s i s ) .  C l e a r l y ,  i f  l a r g e  numbers  o f  t u b e r c l e  b a c i l l i  
were t o  r e m a i n  i n  t h e  d i s c a r d e d  s u p e r n a t a n t  f l u i d ,  t h e  
f i g u r e s  o b t a i n e d  f o r  t h e  numbers  o f  t u b e r c l e  b a c i l l i  w h ic h  
s u r v iv e d  t r e a t m e n t  w i t h  d e c o n t a m i n a t i n g  a g e n t s  would b e  
i n a c c u r a t e .  T a b le  56 com pares  t h e  numbers  o f  t u b e r c l e  
b a c i l l i  p r e s e n t  i n  t h e  s u p e r n a t a n t  f l u i d s  w i t h  t h e  numbers  
p r e s e n t  i n  s e d i m e n t  a f t e r  c e n t r i f u g i n g  h o m o g en a te s  p r e p a r e d
by t n e  d i f f e r e n t  m ethods  from sp e c im e n s  5 and 6 .  A l th o u g h  
t u b e r c l e  b a c i l l i  a r e  p r e s e n t  i n  t h e  s u p e r n a t a n t  f l u i d  o f  a l l  
c e n t r i f u g e d  h o m o g en a te s  t h e  numbers  a r e  n e v e r  more t h a n  o n e -  
f i f t h  o f  t n e  number  p r e s e n t  i n  t h e  d e p o s i t  ( sp e c im e n  5, 
t r i s o d i u m  p h o s p h a t e  m e t h o d ) .  Tne d i f f e r e n c e s  i n  t n e  l e  m m  
e f f e c t s  o f  t h e  m ethods  shown i n  t a b l e  55 ca n n o t  t h e r e f o r e  
be e x p l a i n e d ; b y  t n e  l o s s  o f  a l a r g e  p r o p o r t i o n  o f  t u b e r c l e  
b a c i l l i  f ro m - h o m o g e n a te s  when t n e  s u p e r n a t a n t  f l u i d  i s  
d i s c a r d e d  a f t e r  c e n t r i f u g a t i o n #
Cne f e a t u r e  o f  t h e s e  r e s u l t s  m us t  be e m p h a s i s e d  -  t h e y  
do n o t  I n d i c a t e  w h e t h e r  o r  n o t  i t  i s  w o r t h  w h i l e  t o  i n v e s t i g a t e  
o t h e r  m e th o d s  b e c a u s e  t h e  a b s o l u t e  l e t h a l  e f f e c t  o f  e a c h  
method d i f f e r s  from sp e c im e n  to  s p e c i m e n .
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E x p e r i m e n t  2
A c o m p a r i s o n  o f  t ne numbers o f  v i a b l e  t u b e r c l e  b a c i l l i  
i n  p o r t i o n s  of  s p e c im e n s  o f  s p u tum ( a |  u n t r e a t e d ,
(b ) h o m o g e n i s e d jjvi t h _ p a n c r e a t i n ,  ( c ) homogen i s e d and 
d e c o n ta m in a te d ,  w i t h p o d i um h y d r o x i d e  and (d ) h om ogen ised  
and d e c o n t a m i n a t e d  with, s u l p h u r i c  a c id
In  t h e  p r e v i o u s  e x p e r i m e n t  t n e  f o l l o w i n g  p o s s i b i l i t i e s  
may have  i n t e r f e r e d  w i t h  t h e  a c c u r a c y  o f  th e  r e s u l t s  • h i r s t ,  
tne c o u n t s  f o r  u n t r e a t e d  sputum may have  been t o o  low b e c a u s e  
the sputum was n o t  h o m o g e n i s e d .  Second ,  t h e  c o u n t s  f o r  
a l k a l i n e  and a c i d  h o m o g e n a te s  may hav e  been u p s e t  by c e n t r i ­
f u g a t io n ;  a l t h o u g n  t h e r e  was o n ly  a s m a l l  l o s s  o f  t u b e r c l e  
b a c i l l i  i n  t n e  d i s c a r d e d  s u p e r n a t a n t  f l u i d  a f t e r  c e n t r i f u g a t i o n ,  
i t  i s  p o s s i b l e  t n a t  t n e  t u b e r c l e  b a c i l l i  i n  t h e  d e p o s i t  w ere  
not r e s u s p s n d e d  h o m o g e n e o u s ly  b e f o r e  c o u n t i n g  b e c a u s e  t h e y  
might h a v e  a d h e r e d  t o  t h e  g l a s s  c o n t a i n e r  or  t o  one a n o t h e r .
In o r d e r  t o  c l a r i f y  t h e s e  p o i n t s  t h e  f o l l o w i n g  c o u n t s  w e re  
made from b s p e c im e n s  o f  s p u t u m ; -
1) The numbers  o f  t u b e r c l e  b a c i l l i  p r e s e n t  i n  u n t r e a t e d  
p o r t i o n s  o f  s p u tu m .  In  o r d e r  t o  s u p p r e s s  c o n t a m i n a n t s ,  
p r o f l a v i n e  was i n c o r p o r a t e d  i n  th e  d i l u t i n g  f l u i d  ( s e e  p .  87 
of t h i s  t h e s i s  ) .
2 ) The numbers  o f  t u b e r c l e  b a c i l l i  p r e s e n t  i n  p o r t i o n s  o f  
sputum h o m o g e n ised  w i t h  p a n c r e a t i n  b u t  n o t  t r e a t e d  w i t h  s t r o n g  
a c i d  or a l k a l i .  These  c o u n t s  w ere  a l s o  made i n  d i l u t i n g  
f l u i d  c o n t a i n i n g  p r o f l a v i n e .
3) The numbers  o f  t u b e r c l e  b a c i l l i  i n  p o r t i o n s  o f  spu tum  
t r e a t e d  w i t h  sod ium  h y d r o x i d e  or s u l p h u r i c  a c i d .  T h e se  
c o u n t s  w e re  made i n  d i l u t i n g  f l u i d  w i t h o u t  p r o f l a v i n e .  Tne 
h om o g en a te s  w ere  d i l u t e d  d i r e c t l y  f o r  c o u n t i n g  w i t h o u t  r e c o v e r y  
of t n e  t u b e r c l e  b a c i l l i  by c e n t r i f u g a t i o n ;  t n e  a l k a l i  or a c id  
in  t h e  h o m o g e n a te  was  s a t i s f a c t o r i l y  n e u t r a l i s e d  by t h e  
b u f f e r i n g  a c t i o n  o f  t h e  d i l u e n t .
The r e s u l t s  a r e  sum m ar ised  i n  t a b l e  5 7 .
E f f e c t  o f  h o m o g en is a t i o n  on u n t r e a t e d  s p u tu m . The c o u n t s  f rom 
sputum h o m o g e n ise d  w i t h  p a n c r e a t i n  a r e  u s u a l l y  h i g h e r  t n a n  
th o s e  f rom  spu tum  c o u n te d  w i t h o u t  h o m o g e n i s a t i o n .  N e v e r t h e l e s s ,  
t h e  d i f f e r e n c e s  i n  f a v o u r  o f  c o u n t s  f rom h o m ogen ised  spu tum 
were v e r y  s m a l l .  I t  i s  r e a s o n a b l e ,  t h e r e f o r e ,  t o  assume 
t h a t  t h e  c o u n t s  f o r  u n t r e a t e d  spu tum  o b t a i n e d  i n  e x p e r i m e n t  1 
r e p r e s e n t  t h e  numbers  o f  t u b e r c l e  b a c i l l i  p r e s e n t  i n  u n t r e a t e d  
s p u tu m .
Compar i s on o f  t n e  l e t h a l  e f f e c t s  o f  s o d iu m h yd r o x i d e  a nd 
su l p h u r i c  _ac id  . T h e re  i s  l i t t l e  d i f f e r e n c e  i n  t n e  l e t h a l  
e f f e c t s  o f  sod ium  n y d r o x i d e  a d  s u l p h u r i c  a c id  on t u b e r c l e  
b a c i l l i  c o n t a i n e d  i n  sputum. A d i f f e r e n c e  i n  f a v o u r  o f  sodium
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h y d ro x id e  was o b t a i n e d  w i t h  sputum Wo. 1 and t h e  r e v e r s e ,  
w i th  sp u tu m  Wo. 2 and spu tum  Wo. 3 .  on t h e  o t h e r  h a n d ,  
u n t r e a t e d  spu tum  o r  spu tum  h o m o g en ised  w i t h  p a n c r e a t i n  
c o n s i s t e n t l y  y i e l d e d  a h i g h e r  c o u n t  t h a n  spu tum  h o m o g e n i se d  
w i th  sod ium  h y d r o x i d e  o r  s u l p h u r i c  a c i d .  These  r e s u l t s  
a re  much more  r e g u l a r  t h a n  t h o s e  r e p o r t e d  i n  e x p e r i m e n t  1 
( t a b l e  55)  and s u g g e s t  t h a t  c e n t r i f u g a t i o n  i n  e x p e r i m e n t  1 
did u p s e t  t h e  c o m p a r i s o n  o f  l e t h a l  e f f e c t s  o f  t h e  m e t h o d s .  
However, t h e  number o f  t u b e r c l e  b a c i l l i  r e c o v e r e d  f rom 
p o r t i o n s  o f  spu tum  a f t e r  t r e a t m e n t  w i t h  s u l p h u r i c  a c i d  or  
w ith  so d iu m  h y d r o x i d e  i s  more t h a n  h a l f  t h e  number r e c o v e r e d  
from p o r t i o n s  o f  t h e  spu tum  w h ic h  have  n o t  b e e n  ex p o se d  t o  
th e se  a g e n t s .
E x p e r im e n t
The e f f e c t  o f  n e u t r a l i s a t i o n  on t h e  numbers
o f  v i a b l e  o r g a n i s m s  i n  h o m o g en a te s  o f
spu tum  p r e p a r e d  w i t h  a c i d  or  a l k a l i •
I f  s t r o n g  a l k a l i  o r  a c i d  i s  u s e d  t o  d e c o n t a m i n a t e  
sputum i n  o r d e r  t o  o b t a i n  a p u r e  c u l t u r e  o f  t u b e r c l e  b a c i l l i ,  
the hom ogena te  m u s t  be  f r e e d  from t h e s e  s u b s t a n c e s  b e f o r e  
c u l t u r e .  T h i s  may be a c c o m p l i s h e d  b y  d i l u t i o n ,  w a s h i n g  o r  
chem ica l  n e u t r a l i s a t i o n .  C hem ica l  n e u t r a l i s a t i o n  i s  m o s t  
f r e q u e n t l y  u s e d  w i t h  t h e  sodium h y d r o x i d e  m e th o d .  In  P e t r o f f ' s  
o r i g i n a l  m e thod  t h e  w ho le  hom ogena te  i s  n e u t r a l i s e d  b e f o r e  
c e n t r i f u g a t i o n  b u t  p r e s e n t  p r a c t i c e  i s  t o  d i l u t e  and c e n t r i ­
fuge t h e  hom ogena te  and n e u t r a l i s e  t h e  d e p o s i t  b e f o r e  i n o c u l a t ­
ing c u l t u r e  m ed ia*  In  t h e  s u l p h u r i c  a c i d  m ethod  u s e d  by. 
the P u b l i c  H e a l t h  L a b o r a t o r y  s e r v i c e  and i n  t h e  o x a l i c  a c i d  
method u sed  by c o r p e r  and U y e i ,  t h e  hom ogena te  i s  d i l u t e d  
"before c e n t r i f u g a t i o n  and t h e  s e d im e n t  o b t a i n e d  by c e n t r i f u g ­
a t io n  i s  u s e d  t o  i n o c u l a t e  c u l t u r e  m e d ia  w i t h o u t  n e u t r a l i s a t i o n .  
O o l l in s  ( s e e  p .  19 o f  t h i s  t h e s i s )  s u g g e s t s  t h a t  t n i s  p r a c t i c e  
Produces a low pH i n  t h e  c u l t u r e  medium and r e d u c e s  t h e  c h a n c e  
° f  a p o s i t i v e  r e s u l t .  I f  a c h e m i c a l  n e u t r a l i s a t i o n  p r o c e d u r e  
is a d o p t e d ,  t h e  a d d i t i o n  o f  a s m a l l  e x c e s s  o f  t h e  n e u t r a l i s i n g  
agent w i l l  ex p o se  t h e  t u b e r c l e  b a c i l l i  i n  t h e  sp e c im e n  t o  t h e
! < _ •  1
v ia b l e  o r g a n i s e s .  The aim o f  t h e  e x p e r i m e n t  was t h e r e f o r e  
to d e t e r m i n e  t h e  l e t h a l  e f f e c t  o f  n e u t r a l i s a t i o n  p r o c e d u r e s  
on t u b e r c l e  b a c i l l i  i n  s p u tu m .
Two g r o u p s  o f  3 s p e c im e n s  were e x a m in e d .  The f i r s t
group o f  s p e c i m e n s  was  exam ined  i n  t h e  f o l l o w i n g  w ay .  Each 
specimen was d i v i d e d  i n t o  B e q u a l  p o r t i o n s ;  one p o r t i o n  
was h o m o g en ised  w i t h  sod ium  h y d r o x i d e  and t h e  o t h e r  w i t h  
s u l p h u r i c  a c i d .  E ach  homogenate  was t h e n  d i v i d e d  i n t o  3 
equal p o r t i o n s ;  t h e  f i r s t  was n o t  n e u t r a l i s e d ;  t h e  s e c o n d  
was n e u t r a l i s e d  e x a c t l y ;  and t h e  t h i r d  r e c e i v e d  a s m a l l  
excess  o f  t h e  n e u t r a l i s i n g  a g e n t .  Erom t h e s e  p o r t i o n s  o f  
homogenised spu tum  t h e  f o l l o w i n g  c o u n t s  w e re  made f o r  e a c h  
specimen; -
1) The numbers  o f  t u b e r c l e  b a c i l l i  p r e s e n t  i n  spu tum 
homogenates  p r e p a r e d  b y  t h e  sodium h y d r o x i d e  and s u l p h u r i c  
acid m e th o d s*
2) The num bers  o f  t u b e r c l e  b a c i l l i  p r e s e n t  i n  n e u t r a l i s e d  
sputum h o m o g e n a te s  p r e p a r e d  by t h e  sod ium  h y d r o x i d e  m ethod  
and tn e  s u l p h u r i c  a c i d  m e th o d .
2) The numbers  o f  t u b e r c l e  b a c i l l i  p r e s e n t  i n  " o v e r - n e u t r a l i s e d "
sputum h o m o g e n a te s  p r e p a r e d  b y  t h e  sod ium  h y d r o x i d e  m ethod  
and t h e  s u l p h u r i c  a c i d  m e th o d .
The s e c o n d  g ro u p  o f  s p e c im e n s  was t r e a t e d  i n  a s i m i l a r  
?v:ay e x c e p t  t h a t  h y d r o c h l o r i c  a c i d  was s u b s t i t u t e d  f o r  s u l p h u r i - j
ac i d .  Erom t h e  h o m o g en ised  sputum t h e  f o l l o w i n g  c o u n t s  
were made f o r  e a c h  s p e c i m e n : -
1) The numbers  o f  t u b e r c l e  b a c i l l i  p r e s e n t  i n  spu tum  
homogenates p r e p a r e d  b y  t h e  sod ium h y d r o x i d e  m ethod  and t h e  
h y d r o c h l o r i c  a c i d  m e t h o d .
2) The num bers  o f  t u b e r c l e  b a c i l l i  p r e s e n t  i n  n e u t r a l i s e d  
sputum h o m o g e n a te s  p r e p a r e d  b y  th e  sodium h y d r o x i d e  m ethod  
and t h e  h y d r o c h l o r i c  a c i d  m e th o d .
3) The num bers  o f  t u b e r c l e  b a o i l l i  p r e s e n t  i n  o v e r - n e u t r a l i s e d  
sputum h o m o g e n a te s  p r e p a r e d  by t h e  sod ium  h y d r o x i d e  m e th o d  and 
by th e  h y d r o c h l o r i c  a c i d  m e th o d .
The r e s u l t s  a r e  p r e s e n t e d  i n  t a b l e s  58 and 5 9 .  They 
show t h a t  t h e  e x a c t  n e u t r a l i s a t i o n  o f  t h e  sod ium  h y d r o x i d e  
homogenates  h a s  no s i g n i f i c a n t  e f f e c t  on t u b e r c l e  b a c i l l i  b u t  
tha t  t h e  a d d i t i o n  o f  a s l i g h t  e x c e s s  o f  a c i d  d u r i n g  n e u t r a l i s ­
a t ion  may c a u s e  a m ark e d  d ro p  i n  t h e  number  o f  v i a b l e  t u b e r c l e  
b a c i l l i  ( t a b l e  58 Sputum n o .  1; t a b l e  59 sputum n o .  5 ,  spu tum  
no. 6 ) .  On t h e  o t h e r  h a n d ,  w i t h  a c i d  h o m o g e n a te s  n e i t h e r  
exact n e u t r a l i s a t i o n  n o r  t h e  a d d i t i o n  o f  an e x c e s s  o f  a l k a l i  
in t h e  n e u t r a l i s a t i o n  p r o c e d u r e  d i m i n i s h e d  t h e  num bers  o f  
v iab le  t u b e r c l e  b a c i l l i  ( t a b l e  5 spu tum  1 ,  2 ,  3 ;  t a b l e  6 
sputum 4 ,  5,  6 ) .
I n  a d d i t i o n ,  t h e  r e s u l t s  f o r  h o m o g en a te s  w h ic h  were  
not n® u t r a l i s e d  o r  w h ic h  were  n e u t r a l i s e d  e x a c t l y  f a i l  t o  show 
d i f f e r e n c e s  b e t w e e n  t h e  l e t h a l  e f f e c t s  of  a l k a l i  and 
aGlh.  In t a b l e  58 t h e  g r e a t e s t  d i f f e r e n c e  i s  s e e n  w i t h
sp ec im en  1 i n  w h ic h  t h e  numbers o f  t u b e r c l e  b a c i l l i  
s u r v i v i n g  sod ium  h y d r o x i d e  t r e a t m e n t  i s  a l m o s t  t w i c e  t h e  
number s u r v i v i n g  s u l p h u r i c  a c i d  t r e a t m e n t .  I n  t a b l e  59 
th e  g r e a t e s t  d i f f e r e n c e  i s  o f  t h e  same o r d e r  o f  m a g n i t u d e  
b u t  i n  t h i s  c a s e ,  spu tum  n o .  6 ,  t h e  d i f f e r e n c e  i s  i n  
f a v o u r  o f  a c i d  h o m o g e n i s a t i o n . T hese  r e s u l t s  s u g g e s t  
t h a t  t h e  n e u t r a l i s a t i o n  o f  h o m o g en a te s  p r e p a r e d  by t h e  
sodium h y d r o x i d e  m ethod  may d i m i n i s h  c o n s i d e r a b l y  t h e  
numbers o f  v i a b l e  t u b e r c l e  b a c i l l i  i f  t h e  e n d - p o i n t  i s  
ex ceeded  w h e r e a s  n e u t r a l i s a t i o n  o f  a c i d  h o m o g e n a te s  i s  
u n l i k e l y  t o  d i m i n i s h  t h e  number o f  v i a b l e  t u b e r c l e  b a c i l l i  
even i f  t h e  e n d - p o i n t  i s  e x c e e d e d .  An i m p o r t a n t  d i f f e r e n c e  
in  t h e  p r i m a r y  l e t h a l  a c t i o n  o f  a c i d  and a l k a l i n e  m e th o d s  
of  h o m o g e n i s a t i o n  was n o t  o b s e rv e d  i n  t h i s  e x p e r i m e n t .
Exper iment  4 .
Tne a b i l i t y  o f  o e n t r i  f u g a t i o n  t o  r e c ov e r  
t u b e r o l e  b a c i l l i  f rorn sputum homogen- 
i s e d  b.y t h e  s odium h y d r o x i d e  m ethod •
M ost  m e th o d s  o f  i s o l a t i n g  t u b e r o l e  b a o i l l i  f rom 
sputum i n v o l v e  c e n t r i f u g a t i o n .  Tne p r im a r y  aim o f  c e n t r i ­
f u g a t i o n  i s  to  c o n c e n t r a t e  t h e  t u b e r c l e  b a o i l l i  f rom a 
r e l a t i v e l y  l a r g e  volume o f  sputum,  2 m l .  o r  more i n t o  a 
s m a l l  volume s u i t a b l e  f o r  i n o c u l a t i o n .  I t  may a l s o  be 
used i n  o r d e r  t o  w as r  t h e  in o cu lu m  f r e e  o f  a c id  o r  a l k a l i .
The work  o f  K l e i n  e t  a l . ( s e e  p .  49 o f  t n i s  t n e s i s ) ,  Hata  
e t  a l .  ( s e e  p .  49 and t a b l e  48 o f  t n i s  t h e s i s )  and o f  
Ssxhclm ( s e e  p .  49 and t a b l e s  3C t o  34 o f  t n i s  t n e s i s )  
c a s t s  d o u b t  on t n e  v a l u e  o f  c e n t r i f u g a t i o p  f o r  t - .e  c o l l e c t i o n  
of  t u b e r c l e  b a c i l l i  from a h o m ogena te  and i f  t h e s e  d o u b t s  
were s u b s t a n t i a t e d  i t  would be w o r th  w h i l e  t o  omit  c e n t r i ­
fu g a t io n .  f ro m  m e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom 
sputum -  a t i m e - c o n s u m i n g  and d a n g e r o u s  p r o c e d u r e .  The 
p r e s e n t  e x p e r i m e n t  was c a r r i e d  o u t  t o  d e t e r m i n e  what  p r o p o r t i o n  
of t u b e r c l e  b a c i l l i  could, be c o l l e c t e d  by c e n t r i f u g a t i o n  
from a h o m ogena te  p r e p a r e d  by t n e  sodium h y d r o x i d e  method. .
The f o l l o w i n g  c o u n t s  were  made: -
1) Tne nuabcn 's  e ” t u b e r c l e  b a c i l l i  pro cool’ i n  s cu tum
h o m o g en ised  w i t h  sod ium h y d r o x i d e  b u t  n e t  n e u t r a l i s e d #
2)  Tne num bers  c l  t u b e r c l e  b a c i l l i  r e c o v e r e d  in  t n e  d e p o s i t  
o b t a i n e d  by c e n t r i f u g i n g  h o m ogen ised  sputum#
' I ) Tne numbers o f  t u D e r c l e  b a c i l l i  i n  t n e  s u p e r n a t a n t  f l u i u  
o b t a i n e d  by c e n t r i f u g i n g  h o m o g en ised  sp u tu m .
4)  Tne num bers  o f  t u b e r c l e  b a c i l l i  r e c o v e r e d  by c e n t r i f u g ­
a t i o n  when t h e  o rg a n i sm s  r e c o v e r e d  i n  (2 t above  w ere  
r e s u s p e n d e d  i n  d i s t i l l e d  w a t e r .
These  c o u n t s  m e a s u re  t h e  e f f e c t s  o f  a l l  t h e  p r o c e d u r e s  
used, i n  t h e  sodium h y d r o x i d e  method d e s c r i b e d  on 74 o f  
t h i s  t h e s i s .
I n  a d d i t i o n ,  t h e  f o l l o w i n g  c o u n t s  w ere  made f rom  tn e  
same spu tum  h o m o g e n ise d  by t h e  sod ium  h y d r o x i d e  m ethod  and 
n e u t r a l i s e d  b e f o r e  c o u n t i n g ; -
1 )  The num bers  o f  t u b e r c l e  b a c i l l i  p r e s e n t  i n  n e u t r a l i s e d  
sodium h y d r o x i d e  h o m o g e n a te .
2)  The num bers  o f  t u b e r c l e  b a c i l l i  r e c o v e r e d  i n  t n e  s e d im e n t  
o b t a i n e d  by  c e n t r i f u g i n g  t h e  n e u t r a l i s e d  h o m o g e n a te .
5)  Tne num bers  o f  t u b e r c l e  b a c i l l i  i n  t n e  s u p e r n a t a n t  
o b t a i n e d  by c e n t r i f u g i n g  t h e  n e u t r a l i s e d  h o m o g e n a te .
These  a d d i t i o n a l  c o u n t s  m e a s u re  t h e  e f f e c t s  o f  a l l  
the  p r o c e d u r e s  u sed  i n  p e t r o f f f s o r i g i n a l  sodium h y d r o x i d e  
method d e s c r i b e d  on p .  9 o f  t n i s  t n e s i s .
Tne r e s u l t s  a r e  p r e s e n t e d  i n  t a b l e  60; t n e y  snow
th a t  c e n t r i f u g a t i o n  o f  a nomogenate o f  sputum prepared op 
the sodium h y d r o x id e  method r e c o v e r s  most  o f  tn e  organisms  
of t u o e r c l e  b a c i l l i  from tn e  homogenate and t h a t  r e s  us pens i  on 
and. c e n t r i f u g a t i o n  o f  tn e  organisms r e c o v er e d  by tne  f i r s t  
c e n t r i f u g a t i o n  d o es  not  r e s u l t  in  t n e  l o s s  o f  many t u b e r c l e  
b a c i l l i .  With a homogenate wnicn  nas  not been n e u t r a l i s e d ,  
a l th o u g h  most  o f  tn e  organisms are c o l l e c t e d  i n  tne  sediment  
by c e n t r i f u g a t i o n ,  tne  s u p er n a ta n t  f l u i d  rem ains  r i c h  in  
t u b e r c l e  b a c i l l i  and c o n t a in s  more tnan o n e - t e n t h  o f  t h e  
number o r i g i n a l l y  p r e s e n t  in  th e  hom ogenate .  On t n e  o t h e r  
hand, c e n t r i f u g a t i o n  o f  the  n e u t r a l i s e d  homogenate r ec o v ere d  
most o f  th e  t u b e r c l e  b a c i l l i  and t h e  su p ern a ta n t  f l u i d  d id  not  
r e t a i n  s u f f i c i e n t  t u b e r c l e  b a c i l l i  t o  y i e l d  a count  by the  
method a d o p te d .  D e s p i t e  th e  com plete  c l e a r i n g  o f  t h e  s u p e r n a t ­
ant fewer t u b e r c l e  b a c i l l i  were found i n  tn e  d e p o s i t  o b t a in e d  oy 
c e n t r i f u g a t i o n  of. t n e  n e u t r a l i s e d  hom ogenate .  T h i s  cou ld  oe 
e x p la in e d  by t h e  f a c t  t h a t  a p r e c i p i t a t e  i s  formed as a r e s u l t  
o f  n e u t r a l i s a t i o n ;  clumping o f  tn e  t u b e r c l e  b a c i l l i  i n  t h i s  
p r e c i p i t a t e  would account  f o r  tne  s l i g h t l y  low er  v i a b l e  count  
a f t e r  n e u t r a l i s a t i o n .  I t  i s  propable  t h a t  th e  p r e c i p i t a t e  
formed by n e u t r a l i s a t i o n  o f  tn e  homogenate e n t a n g le d  tn e  
suspended t u b e r c l e  b a c i l l i  and ensured com ple te  removal o f  
t u b e r c l e  b a c i l l i  f'rpm the  su p e r n a ta n t  f l u i d .  An a l t e r n a t i v e  
e x p la n a t io n  i s  th a t  s u g g e s t e d  by tne  r e s u l t s  o f  ex p er im en t  a 
* t h a t  n e u t r a l i s a t i o n  had a l e t h a l  e f f e c t  on tn e  t u b e r c l e
b a c i l l i •
G e n e r a l  c o n c l u s i o n s  drawn f rom e x p e r i m e n t s  1 t o  4 •
1 )  The o r d e r  o f  e f f i c i e n c y  o f  m e th o d s  o f  i s o l a t i n g  t u b e r c l e  
b a c i l l i  f rom  spu tum  i s  n o t  c o n s t a n t  i n  d i f f e r e n t  s p e c im e n s  
o f  s p u tu m .
2)  C om par ison  o f  t h e  a b s o l u t e  l e t h a l  e f f e c t s  o f  d i f f e r e n t  
m e th o d s  shows t h a t ,  ( a )  on t h e  w h o l e ,  t h e  s u l p h u r i c  a c i d  
method i s  t h e  l e a s t  l e t h a l  t o  t u b e r c l e  b a c i l l i  c o n t a i n e d  
i n  spu tum ;  ( b )  t h a t  t h e  d e g r e e  o f  l e t h a l  e f f e c t  o f  t h i s  
method and o t h e r  m e th o d s  d i f f e r s  o v e r  a w ide  r a n g e  o f  
v a l u e s .
3)  R e l a t i v e l y  few t u b e r c l e  b a c i l l i  may be r e c o v e r e d  f rom  
swabs c h a r g e d  w i t h  v e r y  d i l u t e  s u s p e n s i o n s  o f  s p u tu m .
4) I n  c e r t a i n  s p e c i m e n s  o f  sp u tu m ,  n e u t r a l i s a t i o n  o f  
sodium h y d r o x i d e  h o m o g en a te s  p r o d u c e s  a marked d r o p  i n  t h e  
number o f  v i a b l e  t u b e r c l e  b a c i l l i  c o n t a i n e d  i n  t h e  ho m o g en a te  
t h i s  e f f e c t  was n o t  o b s e r v e d  i n  a l l  t h e  s p e c im e n s  exam ined*
On t h e  o t h e r  h a n d ,  i n  a l l  t h e  s p e c im e n s  e x a m in e d ,  
n e u t r a l i s a t i o n  o f  a c i d  h o m o g e n a te s  d i d  n o t  a f f e c t  t h e  
number o f  v i a b l e  t u b e r c l e  b a c i l l i  c o n t a i n e d  i n  t h e  h o m ogena te
5)  C e n t r i f u g a t i o n  i s  an e f f i c i e n t  m ethod  o f  r e c o v e r i n g  
t u b e r c l e  b a c i l l i  f rom an a l k a l i n e  hom ogenate  o f  s p u tu m .
I f  t h e  h o m o g en a te  i s  n e u t r a l i s e d  b e f o r e  c e n t r i f u g a t i o n ,  t h e
s u p e r n a t a n t  f l u i d  i s  c l e a r e d  o f  t u b e r c l e  b a c i l l i ;  on t n e  
o t h e r  h a n d ,  i f  t n e  hom ogena te  i s  no t  n e u t r a l i s e d  b e f o r e  
c e n t r i f u g a t i o n ,  t n e  s u p e r n a t a n t  may c o n t a i n  mere  t n a n  one 
t e n t h  o f  t h e  numbers  o f  t u b e r c l e  b a c i l l i  o r i g i n a l l y  p r e s e n t  
in  t h e  hom ogena te*
6) The i n f o r m a t i o n  y i e l d e d  by t h e s e  s t u d i e s  i s  i n s u f f i c i e n t  
t o  d e c i d e  t h e  r e l a t i v e  m e r i t s  o f  t h e  m e th o d s  s t u d i e d .  
A l th o u g h  t h e  s u l p h u r i c  a c i d  method i s  shown t o  be s u p e r i o r ,  
t h i s  c o n c l u s i o n  i s  c o n t r a r y  t o  t h a t  o f  t h e  s t u d y  c o n d u c te d  
by t h e  P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  u n d e r  c o n d i t i o n s  
c l o s e l y  r e s s e m b l i n g  t n o s e  which  a p p l y  i n  r o u t i n e  l a b o r a t o r y  
p r a c t i c e .  E x p e r i m e n t s  1 t o  4 were c o n d u c te d  u n d e r  r a t h e r  
a r t i f i c i a l  c o n d i t i o n s  and w i t h  r e l a t i v e l y  few s p e c im e n s*  
C l e a r l y ,  t h e  r e s u l t s  o b t a i n e d  u n d e r  t h e  c o n d i t i o n s  o f  
r o u t i n e  l a b o r a t o r y  p r a c t i c e  m ust  c a r r y  i&ore w e i g h t .  Lt 
was d e c i d e d ,  t h e r e f o r e ,  t o  u s e  s e r i e s  o f  s p e c im e n s  o f  spu tum  
f o r  f u r t h e r  c o m p a r i s o n s  o f  m e th o d s  i n  t h i s  t h e s i s .
B» C om par isons  w i t h  a s t an d a rd  met hod o f  t n e  numb e r s  o f  
p o s i t i v e  r e s u l t s  obt a i n e d  by d i f f e r e n t  m ethods  in  s e r i e s  
o f  s p e c imens  o f  sputum.»
Expe r i m e n t  5 .
The c h o i c e  o f  a s t a n d a r d  method f o r  u s e  i n  
a s s e s s i n g  t h e  r e l a t i v e e f f i c i e n c y  o f  r e c e n t l y  
d e s c r i b e d  o r  o r i g i n a l  m e t h o d s .
Prom t h e  s u r v e y  o f  t h e  l i t e r a t u r e  t h e  sod ium  h y d r o x i d e  
method a p p e a r s  t o  be t n e  m a s t  s u i t a b l e  f o r  e s t a b l i s h i n g  t h e  
r e l a t i v e  e f f i c i e n c y  o f  a g i v e n  m e th o d .  There  a r e  two r e a s o n s  
f o r  f a v o u r i n g  t n e  sodium h y d r o x i d e  m ethod :  (1 )  i t  i s  s i g n i f ­
i c a n t l y  more  e f f i c i e n t  t h a n  t h e  t h r e e  o t h e r  e s t a b l i s h e d  m e th o d s
o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  i n  t h e  s t u d y  c o n d u c te d  by t n e  
*
P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  ( s e e  t a b l e  2 o f  t h i s  t n e s i s )  
and ( 2 )  o t h e r  s t u d i e s  w i t h  s e r i e s  o f  sp e c im e n s  o f  spu tum  nave  
f a i l e d  t o  d e m o n s t r a t e  t h a t  any o t h e r  method i s  s i g n i f i c a n t l y  
rnore e f f i c i e n t  t n a n  t h e  sod ium  h y d r o x i d e  m e t h o d .  I n  t h e  
P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  t r i a l ,  t n e  s u l p h u r i c  a c i d  
method was t h e  second  most  e f f i c i e n t  m e th o d .  B ec au se  a 
n e u t r a l i s a t i o n  p r o c e d u r e  had n o t  been  i n c o r p o r a t e d  i n  t h e  
s u l p h u r i c  a c i d  method i n  t h e  P u b l i c  .H e a l th  L a b o r a t o r y  S e r v i c e  
t r i a l  i t  was d e c i d e d  t o  compare t n e  sodium h y d r o x i d e  method
by c e n t r i f u g i n g  t h e  ho m o g en ised  sputum was n e u t r a l i s e d  
w i t h  sod ium  c i t r a t e  ( s e e  p .  75  o f  t h i s  t h e s i s ) .
The two m e th o d s  w e re  compared i n  a s e r i e s  o f  
r e p l i c a t e  s p e c i m e n s  o f  sputum o b t a i n e d  f rom *40 p a t i e n t s .
Each p a t i e n t  c o n t r i b u t e d  3 s p e c im e n s  t o  t h e  s e r i e s  and t h e  
t o t a l  number  o f  s p e c im e n s  examined was 120* Each  s p e c im e n  
was n e g a t i v e  f o r  a c i d - f a s t  b a c i l l i  by  m i c r o s c o p y  and was 
d i v i d e d  i n t o  2 e q u a l  p o r t i o n s *  one p o r t i o n  b e i n g  a l l o c a t e d  
to e a c h  m e t h o d .
The r e s u l t s  a r e  p r e s e n t e d  i n  two ways:  ( 1 )  a
co m p ar i so n  o f  t h e  numbers  o f  p a t i e n t s  who y i e l d e d  p o s i t i v e  
c u l t u r e s  and ( 2 ) a c o m p a r i s o n  o f  t h e  numbers  o f  s p e c im e n s  
which y i e l d e d  p o s i t i v e  r e s u l t s .
P a t i e n t s  who y i e l d e d  a p o s i t i v e  c u l t u r e .  T a b le  61 shows 
th e  r e s u l t s  o b t a i n e d  i n  t h e  3 r e p l i c a t e  s p e c im e n s  c o n t r i b u t e d  
by e a c h  o f  t h e  1 1  p a t i e n t s  who y i e l d e d  a p o s i t i v e  c u l t u r e .
The f o l l o w i n g  p o i n t s  e m e r g e : -
1) The sod ium  h y d r o x i d e  m ethod  y i e l d e d  a c u l t u r e  o f  t u b e r c l e  
b a c i l l i  f rom a l l  o f  t h e  1 1  p a t i e n t s  i n  a t  l e a s t  1  o f  t h e  
r e p l i c a t e  s p e c i m e n s ;  on t h e  o t h e r  h a n d ,  t h e  s u l p h u r i c  a c i d  
method f a i l e d  t o  d e t e c t  t u b e r c l e  b a c i l l i  i n  a l l  3 r e p l i c a t e  
spec im ens  i n  3 p a t i e n t s  ( 2 ,  4 and 9 ) .
2 ) When t h e  s p e c im e n s  a r e  d i v i d e d  i n t o  3 s e p a r a t e  s e r i e s  o f  
spec im ens  a c c o r d i n g  t o  t h e  c h r o n o l o g i c a l  o r d e r  i n  w h ic h  e a ch
specimen from e a ch  p a t i e n t  was e x a m in e d ,  t h e  d i f f e r e n c e  
be tween  t h e  two m e th o d s  i s  s m a l l  i n  any  one s e r i e s ;  t h e  
d i f f e r e n c e  i s  i n  f a v o u r  of  sodium h y d r o x i d e  m ethod  i n  2 
of t h e  s e r i e s  and i n  f a v o u r  o f  t h e  s u l p h u r i c  a c i d  m ethod  
in  t h e  r e m a i n i n g  s e r i e s .
3) The r e s u l t s  a r e  n o t  g r e a t l y  i n f l u e n c e d  by t h e  l o s s  o f  
c u l t u r e s  by c o n t a m i n a t i o n .  In  m os t  i n s t a n c e s  e a c h  m ethod  
had t h e  c h a n c e  o f  y i e l d i n g  a p o s i t i v e  o r  n e g a t i v e  r e s u l t  on 
2 s l o p e s  o f  i f t w e n s t e i n - J e n s e n  medium and i n  a l l  i n s t a n c e s  
each m ethod  had t h e  c h a n c e  o f  y i e l d i n g  a p o s i t i v e  o r  n e g a t i v e  
r e s u l t  on a t  l e a s t  1 s l o p e  o f  medium.
Specimens  w h ic h  y i e l d e d  p o s i t i v e  c u l t u r e s .  T a b le  62 shows 
t h a t  t h e  t o t a l  number o f  p o s i t i v e  r e s u l t s  o b t a i n e d  by e i t h e r  
or  b o t h  m e th o d s  f ro m  1 2 0  s p e c im e n s  i s  1 8 ,  t h a t  b o t h  m e th o d s  
y i e l d e d  p o s i t i v e  r e s u l t s  i n  12  o f  t h e s e  s p e c im e n s  and t h a t  
a p o s i t i v e  r e s u l t  was o b t a i n e d  by t h e  sodium h y d r o x i d e  m ethod  
from 4 s p e c im e n s  i n  w h ic h  t h e  c o r r e s p o n d i n g  r e s u l t  by  t h e  
s u l p h u r i c  a c i d  was n e g a t i v e  w h e re a s  t h e  r e v e r s e  was t h e  c a s e  
w i th  two s p e c i m e n s .  T h i s  d i f f e r e n c e  i n  e f f i c i e n c y  o f  t h e  
two m e th o d s  i s  l e s s  t h a n  t h a t  shown on t h e  b a s i s  o f  p a t i e n t s  
who y i e l d e d  a p o s i t i v e  c u l t u r e  ( t a b l e  6 1 ) .  I n d e e d  i t  i s  
d i f f i c u l t  t o  b e l i e v e  t h a t  t h i s  a n a l y s i s  h a s  b e en  made from 
e x a c t l y  t h e  same s p e c im e n s  a s  t h o s e  w h ic h ,  examined on t h e  
b a s i s  o f  p a t i e n t s  who y i e l d e d  p o s i t i v e  r e s u l t s ,  showed t h a t
t h e  sod ium  h y d r o x i d e  method p roduced  a p o s i t i v e  r e s u l t  i n  
3 p a t i e n t s  i n  whom t h e  r e s u l t  by t h e  s u l p h u r i c  a c i d  method 
was n e g a t i v e  w h e r e a s  t h e  s u l p h u r i c  a c i d  method f a i l e d  t o  
y i e l d  any  p o s i t i v e  r e s u l t s  w h ic h  w e r e  n o t  a l s o  o b t a i n e d  by 
t h e  sodium h y d r o x i d e  m e th o d .
C o n t a m i n a t i o n  r a t e s . With t h e  sodium h y d r o x i d e  m e th o d ,  t n e  
c o n t a m i n a t i o n  r a t e  was 1 9 .2  p e r  c e n t ,  when r e c k o n e d  a s  t n e  r a t i o  
o f  t h e  number  o f  s l o p e s  c o n t a m i n a t e d  t o  t n e  number o f  s l o p e s  
i n o c u l a t e d ;  t h e  c o n t a m i n a t i o n  r a t e  was 1 0 . 8  p e r  c e n t ,  when 
r eck o n ed  a s  t h e  r a t i o  o f  t n e  numbers  o f  s p e c im e n s  i n  w h ic h  no 
r e s u l t  was o b t a i n e d  b e c a u s e  o f  c o n t a m i n a t i o n  o f  b o th  s l o p e s  
i n o c u l a t e d  f rom a s p e c im e n  t o  t h e  number of  s p e c i m e n s  exam ined  
( t a b l e  6 3 ) .  Tne c o r r e s p o n d i n g  f i g u r e s  f o r  t h e  s u l p h u r i c  
a c i d  method w ere  7 .1  p e r  c e n t ,  and 1 . 7  p e r  c e n t ,  r e s p e c t i v e l y .  
The c o n d i t i o n s  o f  t n e  i n v e s t i g a t i o n  t h e r e f o r e  f a v o u r e d  t n e  
s u l p h u r i c  a c i d  m e th o d ,  b u t  i t  m us t  be e m p h a s i s e d  t n a t  i n  no 
i n s t a n c e  was  a p o s i t i v e  r e s u l t  o b t a i n e d  by one m ethod  where  
b o th  o f  t n e  c o r r e s p o n d i n g  c u l t u r e s  by t h e  o t h e r  method w e re  
d e s t r o y e d  by c o n t a m i n a t i o n .
I n  t h i s  e x p e r i m e n t  t n e  m o d i f i e d  s u l p h u r i c  a c i d  method 
f a i l e d  t o  y i e l d  b e t t e r  r e s u l t s  t h a n  t h e  sodium h y d r o x i d e  
method and t h e r e f o r e  t n e  sodium h y d r o x i d e  method was a d o p te d  
as t h e  s t a n d a r d  method f o r  t n e  p u r p o s e s  o f  e s t a b l i s h i n g  t ^ e  
e f f i c i e n c y  of  o t h e r  m e thods  i n v e s t i g a t e d  i n  t h i s  t h e s i s .
jl x.a'j 11 u  ^•
Th e a at. i  o a ox s e 1 e c t  i  v s  b a o t e r  I c_s t  a t i o and 
b a c t e r i c i d a l  a g e n t s  on t u b e r c l e  b a c i l l i  •
T h i s  s t u d y  was made f o r  t n e  f o l l o w i n g  r e a s o n s :  -
1 ) b e c a u s e  t h e s e  a g e n t s  m ig n t  be u s e d  a l o n e  or  i n  c o m b i n a t i o n  
w i th  s t a n d a r d  .methods i n  o r d e r  t o  d e c o n t a m i n a t e  spu tum  
b e f o re  c u l t u r e  f o r  t u b e r c l e  b a c i l l i  -  an a p p r o a c h  s u g g e s t e d  
by t n e  work  o f  Saxholm (1954  -  s e e  p .  31 o f  t h i s  t h e s i s ) ;
2 ) b e c a u s e  i t  m ig h t  be p o s s i b l e  t o  u s e  t h e s e  a g e n t s  i n  a 
s e l e c t i v e  medium w h ic h  co u ld  be used f o r  t n e  d i r e c t  i s o l a t i o n  
of t u b e r c l e  b a c i l l i  f rom  c o n t a m i n a t e d  m a t e r i a l  w i t h o u t  
p r e l i m i n a r y  d e c o n t a m i n a t i n g  p r o c e d u r e s ;  and 3 )  b e c a u s e ,  even 
i f  i t  Proved i m p o s s i b l e  to  e v o l v e  a medium w h ic h  would 
s u p p r e s s  c o n t a m i n a n t s  c o m p l e t e l y  and p e r m i t  good gr(m«v^n of  
t u b e r c l e  b a c i l l i ,  i t  m i g h t  be  p o s s i b l e  t o  d e v i s e  a f l u i d  
en r ich m en t  medium f o r  t h e  i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  from 
c o n ta m in a te d  m a t e r i a l -  The e f f i c i e n c y  o f  s t a n d a r d  m ethods  m ig n t  
be improved by t h e  u s e  o f  a f l u i d  e n r i c h m e n t  medium i n  t n e  
f o l l o w i n g  wayi i f  t n e  g ro w th  o f  c o n t a m i n a n t s  were r e t a r d e d ,
very s m a l l  num bers  o f  t u b e r c l e  b a c i l l i  m i g h t  m u l t i p l y  and ,  
a i t e r  a s u i t a b l e  i n c u b a t i o n  p e r i o d ,  t n e  numbers '  o f  t u b e r c l e  
D a c i l l i  m ig n t  be s u f f i c i e n t  t o  p e r m i t  t n e  a p p l i c a t i o n  o f  a
d e c o n t a m i n a t i n g  a g e n t  w i t h o u t  t h e  r i s k  o f  k i l l i n g  a l l  t h e  
t u b e r c l e  b a c i l l i .
The b a c t e r i o s t a t i c  a g e n t s  i n v e s t i g a t e d  and t h e  
c o n c e n t r a t i o n  o f  t h e s e  a g e n t s  w h ich  p e r m i t t e d  f r e e  g ro w th  
o f  t h e  H3 7Hv s t r a i n  a r e  shown i n  t a b l e  6 4 .  Tne c o n c e n t r a t i o n s  
o f  e t h y l  v i o l e t ,  p r o f l a v i n e ,  m a l a c h i t e  g r e e n  and s i l v e r  
n i t r a t e  w h ic h  a l l o w  f r e e  g ro w th  o f  t h e  H37Rv s t r a i n  of  
t u b e r c l e  b a c i l l i  m ig h t  be e x p e c t e d  t o  h a v e  a w o r t h - w h i l e  
b a c t e r i o s t a t i c  e f f e c t  on o rg an ism s  o t n e r  t h a n  t u b e r c l e  
b a c i l l i .  I t  m us t  be e m p h as ised  t h a t  t h e s e  r e s u l t s  n a v e  been  
used  o n l y  a s  a r o u g h  g u id e  t o  t n e  p r o p e r t i e s  o f  t n e  a g e n t s  
s t u d i e d  and t h a t  a d e t a i l e d  s tu d y  o f  t h e s e  and o t n e r  
b a c t e r i o s t a t i c  a g e n t s  u s e d  i n  t n e  e x p e r i m e n t s  d e s c r i b e d  i n  
t h i s  t h e s i s ’was  n o t  u n d e r t a k e n .  Such a s tu d y  would  i n  
i t s e l f  p r o v i d e  m e t e r i a l  f o r  a s e p a r a t e  t h e s i s .
im p e r i ale n t  7 .
Tne i s ol a t i o n  o f  t u b e r c l e  b a c i l l i  f r o m 
s p u t u m by means o f  c o m b i n a t i o n s  o f  
pa n c r e a t i n  w i t h  b a c t e r i o s t a t i c  a g e n t s  •
Ssxnolm  ( s e e  pages  31 t o  32 and t a b l e s  30 t o  34 of  t n i  
t h e s i s )  c l a i m e d  good r e s u l t s  i n  t n e  i s o l a t i o n  of  t u b e r c l e  
b a c i l l i  f rom spu tum  by means o f  a c o m b i n a t i o n  o f  p a n c r e a t i n  
and D e s o g e n .  A s m a l l  p r e l i m i n a r y  t r i a l  was t n e r e f o r e  
c o n d u c te d  ( s e e  p .  81 of  t h i s  t h e s i s )  i n  o r d e r  t o  a s s e s s  
method3 o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  i n  w h ich  c o m b i n a t i o n s  
o f  p a n c r e a t i n  w i t h  Desogen and o t h e r  b a c t e r i o s t a t i c  a g e n t s  
were u s e d  f o r  h o m o g e n i s in g  and d e c o n t a m i n a t i n g  s p u tu m .
The f o l l o w i n g  c o m b i n a t i o n s  w ere  t e s t e d : -
1) P a n c r e a t i n  -  m a l a c h i t e  g r e e n .
2) P a n c r e a t i n  -  e t h y l  v i o l e t .
3) P a n c r e a t i n  - p r o f l a v i n e .
4) P a n c r e a t i n  -  i i i b i t a n e .
5) P a n c r e a t i n  -  d e s o g e n .
6 ) P a n c r e a t i n  -  s i l v e r  n i t r a t e .
7) P a n c r e a t i n  -  m e r c u r i c  c h l o r i d e .
Tne r e s u l t s  a r e  sum m ar ised  i n  t a b l e  65; t n e  f o l l o w i n g  
p o i n t s  d -~serve e m p h a s i s :  -
1) Combinations o f  p a n c r e a t in  w i t h  m a la c h i t e  g re en ,  e t h y l
v i o l e t ,  H i b i t a n e ,  s i l v e r  n i t r a t e  or  m e r c u r i c  c h l o r i d e  
f a i l e d  t o  g i v e  s a t i s f a c t o r y  c o n t r o l  o f  c o n t a m i n a t i o n .
2 ) Tne p o s i t i v e  r e s u l t s  o b t a i n e d  w i t h  c o m b i n a t i o n s  o f  
p a n c r e a t i n  w i t n  D esogen  or  p r o f l a v i n e  w ere  o b t a i n e d  a f t e r  
an i n c u b a t i o n  p e r i o d  of  25 days  and t n e  numbers  o f  c o l o n i e s  
o b t a i n e d  f rom t h e  s p e c i m e n s  were  s m a l l .  The sod ium  h y d r o x i d e  
method u s u a l l y  y i e l d s  a c o n f l u e n t  g row th  o f  t u b e r c l e  b a c i l l i  
from t h e  t y p e  o f  sp e c im e n  u s e d  f o r  t h i s  e x p e r i m e n t  ( s e e  p .  81 
o f  t h i s  t h e s i s ) .  The re  was t h e r e f o r e  no i n d i c a t i o n  t h a t  
S a x h o lm 's  p a n c r e a t i n - d e s o g e n  m ethod ,  o r  any of  t n e  o t h e r  
m ethods  t e s t e d ,  d e s e r v e d  a more t h o r o u g h  t r i a l  i n  co m p a r i so n  
w i t h  t h e  s t a n d a r d  m e th o d .
The i s o l a t i o n  o f  t u b e r c l e  ba c i l l i  f rom spu tum  
w i t h  c o mb i n a t i o n s  o f  d i f f e r e n t  c o n e e n t r a t i o n s 
o f  t r i s o d i u m  p h o s p h a t e  w i t h  ' b a c t e r i o ­
s t a t i c  a g e n t s .
F o r  t h e  i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  from spu tum ,  
t r i s o d i u m  p h o s p h a t e  i s  u s u a l l y  employed i n  a c o n c e n t r a t i o n  
of 10 p e r  c e n t ,  o f  t h e  a n h y d r o u s  s a l t .  I n  t n e  t r i a l  c o n ­
d u c t e d  by t h e  P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  (1S52)  t h e  
t r i s o d i u m  p h o s p h a t e  method had t n e  l o w e s t  e f f i c i e n c y  and t n e  
h i g h e s t  c o n t a m i n a t i o n  r a t e  o f  t h e  f o u r  m e th o d s  i n v e s t i g a t e d  
( s e e  t a b l e  2 and page 13 o f  t n i s  t h e s i s ) .  B e t t e r  r e s u l t s  
were o b t a i n e d  by  G i f f o r d  e t  a l . ( s e e  p .  18 of t n i s  t h e s i s )  
who u s e d  a s h o r t e r  t im e  o f  e x p o s u r e  t o  t r i s o d i u m  p h o s p h a t e  
and by S t a r k e y  and A u b e r t  ( s e e  p .  17 o i  t n i s  t h e s i s )  and by 
P e i z e r  e t  a l . ( s e e  p .  18 oi t n i s  t h e s i s )  who u sed  a l o w e r  
f i n a l  c o n c e n t r g t i o n  o f  t r i s o d i u m  p h o s p h a t e ;  i n  an a t t e m p t  
t o  e n s u r e  c o n t r o l  o f  c o n t a m i n a t i o n  i t  was d e c i d e d  t o  t e s t  
t h e  d e c o n t a m i n a t i n g  e f f e c t s  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  
t r i s o d i u m  p h o s p h a t e  combined w i t n  H f b f f a n e  o r  p r o f l a v i n e .
T h i s  e x p e r i m e n t  was d e s i g n e d  a s  a p r e l i m i n a r y  t r i a l  
( see  o.  81 o f  t n i s  t h e s i s ) .  f o u r  s p ec im e n s  o f  sputum were  
examined and e a c h  spec im en  o f  sputum was d i v i d e d  i n t o  e g u a l  
p o r t i o n s ;  a se  o a r a t e  p o r t i o n  o f  e a c n  sou tum  was p r e p a r e d
w i t h  Q.01 p e r  c e n t .  H i b i t a n e  or 0*01 per  c e n t ,  p r o f l a v i n e .
Tne f o l l o w i n g  c o n c e n t r a t i o n s  o f  t r i s o d i u m  ph os p n a t e  l a n h y d r o u  
s a l t )  w e re  u s e d :  1C per  c e n t . ,  5 p e r  c e n t . ,  1 p e r  c e n t ,
e i t h e r  a l o n e  o r  i n  c o m b i n a t i o n s  w i t h  H i b i t a n e  o r  p r o f l a v i n e .
The r e s u l t s  a r e  sum m ar ised  i n  t a b l e  6 6 . A l l  t h e  
c o m b i n a t i o n s  o f  p r o f l a v i n e  w i t h  t r i s o d i u m  p h o s p h a te  f a i l e d  t o  
y i e l d  p o s i t i v e  r e s u l t s  f rom any o f  t h e  s p e c i m e n s  o f  s p u tu m .
On t h e  o t h e r  h an d ,  p o s i t i v e  r e s u l t s  w e re  o b t a i n e d  w i t h  
c o m b i n a t i o n s  o f  H i b i t a n e  w i t h  t r i s o d i u m  p h o s p h a t e  b u t  o n ly  
one c o m b i n a t i o n  - H i b i t a n e  w i t h  1 per. c e n t ,  t r i s o d i u m  
p h o s p h a te  -  y i e l d e d  as  many p o s i t i v e  r e s u l t s  a s  t r i s o d i u m  
p h o s p h a te  w i t h o u t  H i b i t a n e .  I n  t h i s  i n s t a n c e ,  g ro w th  f rom 
t h e  s p e c im e n s  t r e a t e d  w i t h  t r i s o d i u m  p h o s p h a te  p l u s  H i b i t a n e  
was n e i t h e r  e a r l i e r  no t  more a b u n d a n t  t n a n  t h a t  o b t a i n e d  f rom 
s p e c im e n s  t r e a t e d  w i t h  t r i s o d i u m  p h o s p h a t e  a b o v e .
I t  d i d  n o t  seem p r o f i t a b l e  t o  p u r s u e  t h i s  i n v e s t i g a t i o n  
f u r t h e r .  N e v e r t h e l e s s ,  P a t t e r s o n  e t  a l . ( s e e  p .  33 o f  t h i s  
t h e s i s )  recommend t h e  u s e  o f  t r i s o d i u m  p h o s p h a t e  combined 
w i th  b e n z a l k o n i u m  c h l o r i d e  f o r  t h e  i s o l a t i o n  o f  t u b e r c l e  
b a c i l l i  f rom sputum ;  e x p e r i m e n t  8 was d o n e  b e f o r e  t h e  worm 
of  P a t t e r s o n  e t  a l • was p u b l i s h e d .
E x p e r i me n t  9 .
Tne u se  o f  Teegol  in  th e  i s o l a t i on of
9i i iA  JzL'2^. s .Putu m .
The f a v o u r a b le  r e s u l t s  o b ta in ed  by Browning ( s e e  p. 3 0 
of  t h i s  t h e s i s )  and by Tison ( s e e  p .  31 o f  t n i s  t h e s i s )  
s u g g e s te d  t h a t  t h i s  agent  sh o u ld  be i n v e s t i g a t e d .
Browning1s me t  h o d . A s m a l l  p r e l i m i n a r y  t r i a l  ( s e e  p. 81 o f  
t h i s  t h e s i s )  was made w i t h  5 spec im ens  o f  sputum known to  
c o n ta in  a c i d - f a s t  b a c i l l i .  Hour p o s i t i v e  r e s u l t s  w ere  
obta ined  w i t n i n  21 days but i n  th e  s l o p e s  i n o c u l a t e d  w i t h  
a p a s t e u r  p i p e t t e ,  growth was poor near tn e  w a te r  o f  
co n d en sa t io n  w h ich  c o n ta in e d  a n ig h  c o n c e n t r a t i o n  o f  T e e p o l .  
This conf irm ed  1 )  t h a t  Teepol  e x e r t s  an i n h i b i t o r y  e f f e c t  on 
t u b e r c l e  b a c i l l i  -  a f a c t  e s t a b l i s h e d  by Tison (1 9 5 4 )  and
2) t h a t  th e  rem oval  o f  Teepol  from th e  inoculum by wash ing  
and c e n t r i f u g a t i o n  would be d e s i r a b l e  fo r  tne growth o f  sm a l l  
numbers o f  t u b e r c l e  b a c i l l i .  There was com ple te  c o n t r o l  of  
contam inat ion  in  the  spe c im en s  prepared fo r  c u l t u r e  by 
Browning’ s method.  f o r  t n i s  reason  i t  was th ough t  t n a t  a 
fu r th er  t r i a l  o f  a method i n v o l v i n g  th e  use  o f  Teepol  would 
be worth w h i l e .  Tne method chosen f o r  f u r t h e r  t r i a l  i s  a 
s i m p l i f i c a t i o n  o f  t n a t  d e s c r ib e d  by Tison and i s  d e s o r io e d  
0 0  p. i o i  o f  t h i s  t h e s i s ;  a m ix tu re  c o n t a in i n g  25 per c e n t .  
Teepol and 1 per c e n t ,  sodium hydroxide  i s  used t o  homo-er i r e
’U
and. d e c o n t a m i n a t e  t h e  spu tum .
The sod ium  h y d r o x i d e  -  t e e p o l  m e t h o d . The e f f i c i e n c y  o f  
t h i s  m ethod  was a s s e s s e d  "by c o m p a r in g  i t  v ; i t h  t h e  sod ium 
h y d r o x id e  m ethod ;  t h e  c r i t i c a l  p r o c e d u r e  d e s c r i b e d  on p .  82 
of t h i s  t h e s i s  was a d o p t e d .  Three  r e p l i c a t e  s p e c im e n s  w e re  
examined f rom  15 p a t i e n t s  -  a t o t a l  o f  45 s p e c i m e n s .  Each 
spec imen  was exam ined  by t h e  sodium h y d r o x i d e  m eth o d  and by  
the  sod ium  h y d r o x i d e - t e e p o l  m e th o d .  The number o f  p a t i e n t s  
(15)  i n v e s t i g a t e d  i n  t h i s  c r i t i c a l  c o m p a r i s o n  was l e s s  t h a n  
the  number  i n v e s t i g a t e d  i n  o t h e r  c r i t i c a l  c o m p a r i s o n s  made 
in  t h i s  t h e s i s .  The r e a s o n  f o r  t h i s  i s  t h a t  t h e  e x p e r i m e n t  
was t e r m i n a t e d  a s  soon  as  i t  became a p p a r e n t  t h a t  t h e  sod ium  
h y d r o x i d e - t e e p o l  m ethod  was c e r t a i n l y  no more e f f i c i e n t  t h a n  
the  sodium h y d r o x i d e  m e th o d .
The r e s u l t s  a r e  p r e s e n t e d  i n  2 ways a s  i n  e x p e r i m e n t
5 (p .  1 3 9 o f  t h i s  t h e s i s ) .
P a t i e n t s  who y i e l d e d  a p o s i t i v e  c u l t u r e . Seven  o f  t h e  15 
p a t i e n t s  y i e l d e d  a p o s i t i v e  c u l t u r e  by  e i t h e r  o r  b o t h  m ethods  
in  1 or  more  o f  3 r e p l i c a t e  s p e c i m e n s .  T ab le  67 shows t h e  
r e s u l t s  o f  c u l t u r e  o f  a l l  3 r e p l i c a t e  s p e c im e n s  c o n t r i b u t e d  
by t h e s e  7 p a t i e n t s .  The f o l l o w i n g  p o i n t s  e m e r g e ; -
1) The sod ium  h y d r o x i d e  method y i e l d e d  a p o s i t i v e  c u l t u r e  f rom
6 o f  t h e  7 p a t i e n t s  ( 2 ,  3 ,  4,  5,  6 and 7)  i n  a t  l e a s t  1 o f  t n e  
r e p l i c a t e  s p e c i m e n s  w h e r e a s  t h e  sodium h y d r o x i d e - t e e p o l  
method y i e l d e d  a p o s i t i v e  c u l t u r e  from 4 o f  the  7 p a t i e n t s
(1 ,  2 ,  4 ,  and 5 ) .
2 ) P a t i e n t  n o .  1 y i e l d e d  tn e  o n ly  p o s i t i v e  r e s u l t  o b t a i n e d  
by t n e  sod ium  hyb o x i d e - t e e p o l  m ethod  b u t  n o t  by t h e  s odi  urn 
h y d r o x id e  lie t h o d ;  i n  t n e  o n ly  sp ec im e n  from t n i s  p a t i e n t  
from w h ic h  a c u l t u r e  was o b t a i n e d  t h e  c u l t u r e s  g e t  up by t h e  
sodium h y d r o x i d e  method w e re  b o t h  d e s t r o y e d  by c o n t a m i n a t i o n .  
Specimen s  w n fc h  y i e l d ed a p o s i t i v e  c u l t ur e . T a b l e  6 8  snows 
t h a t  o f  t n e  45 sp e c im e n s  11 y i e l d e d  a p o s i t i v e  r e s u l t  by 
e i t h e r  o r  b o t h  m e th o d s :  7 s p e c im e n s  were  p o s i t i v e  by b o t h
m e th o d s ,  3 w ere  p o s i t i v e  o n ly  by  t n e  sodium h y d r o x i d e  method 
and 1 o n ly  by  t h e  sod ium  h y d r o x i d e - t e e p o l  m e t h o d .
Cont a m i n a t i o n  r a t e s . The c o n t a m i n a t i o n  r a t e s  o f  t h e  2 
m ethods  a r e  compared i n  t a b l e  69 .  The c o n t a m i n a t i o n  r a t e  f o r  
the  sod ium  h y d r o x i d e - t e e p o l  method ( 1 0  p e r  c e n t ,  o f  a l l  s l o p e s  
i n o c u l a t e d )  i s  l o w e r  t h a n  t h a t  o f  tn e  sodium h y d r o x i d e  met a. on 
( 2 6 .7  p e r  c e n t ,  o f  a l l  s l o p e s  i n o c u l a t e d ) .  Even more  
s t r i k i n g  i s  t h e  f a c t  t h a t  c o n t a m i n a t i o n  of  b o t h  o f  t n e  s l o p e s  
i n o c u l a t e d  f rom a sp e c im e n  was n o t  e n c o u n t e r e d  w i t h  t n e  sodium 
h y d r o x ^ d e - t e e p o l  method w h e re a s  1 5 . 6  p e r  c e n t ,  o f  sp e c im e n s  
t r e a t e d  w i t h  t h e  s t a n d a r d  sodium h y d r o x i d e  method f a i l e d  t o  
y i e l d  any i n f o r m a t i o n  a b o u t  t h e  p r e s e n c e  or  a b s e n c e  o f  
t u b e r c l e  b a c i l l i  b e c a u s e  o f  c o n t a m i n a t i o n  o f 1b o th  o f  t h e  
s l o p e s  i n o c u l a t e d  from eaon o f  t u e s e  s p e c i m e n s •
N e v e r t h e l e s s ,  d e s p i t e  t n e  f a c t  t h a t  a v e r y  n i g h
i n c i d e n c e  o f  c o n t a m i n a t i o n  w i t h  t h e  s t a n d a r d  sod ium 
h y d r o x i d e  method b i a s s e d  t h e  r e s u l t s  i n  f a v o u r  o f  t h e  
sod ium  h y d r o x i d e - t e e p o l  m e th o d ,  t h e  s t a n d a r d  sod ium  
h y d r o x i d e  m ethod  was as  e f f i c i e n t ,  i f  n o t  more  e f f i c i e n t ,  
t h a n  t h e  sod ium  h y d r o x i d e - t e e p o l  m e t h o d .  I t  was t h e r e f o r e  
d e c i d e d  t h a t  t h e r e  w ou ld  be  l i t t l e  p u r p o s e  i n  a more 
e x t e n s i v e  i n v e s t i g a t i o n  o f  t h i s  s i m p l i f i e d  sod ium  h y d r o x i d e -  
t e e p o l  m e thod  w h i c h  h a s  no a d v a n t a g e  o v e r  t h e  sod ium  h y d r o x i d e  
method i n  s i m p l i c i t y  or  s a f e t y .  I t  must  be e m p h a s i s e d ,  
h o w e v e r ,  t h a t  T i s o n ! s o r i g i n a l  method ( s e e  p .  3 1  o f  t h i s  
t h e s i s  ) was  n o t  i n v e s t i g a t e d  i n  e x p e r i m e n t  9 and t h a t  t h e  
r e s u l t s  o f  e x p e r i m e n t  9 do n o t  i n v a l i d a t e  h i s  c l a i m  t h a t  
t u b e r c l e  b a c i l l i  may be i s o l a t e d  f rom sputum more e f f i c i e n t l y  
by h i s  p r o c e d u r e  i n v o l v i n g  t h e  u s e  o f  sodium h y d r o x i d e  and 
T e e p o l  t h a n  by t h e  sodium h y d r o x i d e  m e t h o d .  T i s o n * s  o r i g i n a l  
m e th o d ,  h o w e v e r ,  i s  more c o m p l i c a t e d  and more d a n g e r o u s  t o  
t h e  o p e r a t o r  t h a n  t h e  sod ium  h y d r o x i d e  m e th o d .
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Exper iment  1 0 .
The i m p o r t a n c e  o f  c e n t r i f u g a t i o n  i n  t h e s o d i um 
h y d r o x i d e  m e t h o d .
C e n t r i f u g a t i o n  i s  a d a n g e r o u s  ana t i m e - c o n s u m i n g  
p r o c e d u r e  and i s  r e g a r d e d  as  a n e c e s s a r y  t r e a t m e n t  f o r  t n e  
w a s h in g  and c o n c e n t r a t i o n  o f  t n e  i n o cu lu m  in  t n e  s t a n d a r d  
m e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  from s p u tu m .  The 
r e s u l t s  o f  K l e i n  e t  a l . ( s e e  p .  49 o f  t h i s  t h e s i s )  H a ts  
e t  a l . ( s e e  p .  49 and t a b l e  48 o f  t n i s  t h e s i s )  and Saxholm 
( s e e  p .  £1 and t a b l e s  30  t o  34 of  t n i s  t h e s i s  )' s u g g e s t  t n a t  
c e n t r i f u g a t i o n  o f  n o m c g e n a te s  c o n t r i b u t e s  l i t t l e  t o  t n e  
e f f i c i e n c y  o f  m e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom  
s p u tu m .  B e c a u s e  t h e s e  a u t h o r s  f a i l e d  t o  u se  spu tum  known 
to  c o n t a i n  v e r y  few t u b e r c l e  b a c i l l i  i t  was d e c i d e d  t o  
compare t h e  r e s u l t s  o f  c u l t u r i n g  h o m o g en a te s  of  spu tum  
w i t h o u t  c o n c e n t r a t i o n  by c e n t r i f u g a t i o n  w i t h  t n e  r e s u l t s  o f  
c u l t u r i n g  t n e  d e p o s i t s  p r o d u c e d  by c e n t r i f u g i n g  t n e  
h o m o g e n a te s .  The sodium h y d r o x i d e  method o f  h o m o g e n i s a t i o n  
was c h o s e n  f o r  t h i s  e x p e r i m e n t ;  74 s p e c i m e n s  n e g a t i v e  f o r  
a c i d - f a s t  b a c i l l i  by m i c r o s c o p y  were  i n v e s t i g a t e d .
The r e s u l t s  a r e  sum m ar ised  i n  t a b l e  70 .  A p o s i t i v e  
r e s u l t  was o b t a i n e d  from 19 o f  t h e  s p e c im e n s  and o f  t h e s e
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p o s i t i v e  r e s u l t s ,  8 w ere  o b t a i n e d  o n ly  a f t e r  c e n t r i f u g a t i o n . 
I n o c u l a t i o n  from t h e  n e u t r a l i s e d  u n c e n t r i f u g e d  hom ogenate  
f a i l e d  t o  y i e l d  any p o s i t i v e  r e s u l t s  w h ic h  w e re  n o t  a l s o  
o b t a i n e d  f rom t h e  c e n t r i f u g e d  h o m o g e n a te .  Tne r e s u l t s  
s u g g e s t  t n a t  i n  p r e p a r i n g  sputum f o r  c u l t u r e  by  t h e  so d iu m  
h y d r o x i d e  method c e n t r i f u g a t i o n  may n o t  be o m i t t e d  w i t h o u t  
a s e r i o u s  l o s s  o f  e f f i c i e n c y .  The c o n t a m i n a t i o n  r a t e  f o r  
hom o g en a te s  i n o c u l a t e d  w i t h o u t  c e n t r i f u g a t i o n ,  1 4 . 2  p e r  c e n t ,  
o f  a l l  s l o p e s  i n o c u l a t e d ,  was l e s s  t h a n  t h a t  f o r  t h e  homogen­
a t e s  w h ic h  w ere  c e n t r i f u g e d  b e f o r e  i n o c u l a t i o n ,  1 8 . 9  p e r  c e n t  
of  a l l  s l o p e s  i n o c u l a t e d ;  t h e  numbers  o f  s p e c im e n s  f o r  w h ic h  
no r e s u l t s  w ere  o b t a i n e d  b e c a u s e  b o t h  s lo p e s ,  w ere ,  c o n t a m i n a t e  
was t n e  same f o r  e a c h  p r o c e d u r e  ( t a b l e  7 1 ) .
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Ex p e r i m e n t  1 1 •
f f lu id  med i a f o r  t i i e  i s o l a t i o n  o f  t u b e r  c l  e 
b a c i l l i  from s p u tu m .
The r e s u l t s  o f  e x p e r i m e n t  10 snow t h a t  c u l t u r e  on 
s o l i d  medium o f  s m a l l  p o r t i o n s  o f  t n e  n e u t r a l i s e d  n o ^ o g e n a t e s  
o f  s p e c im e n s  o f  spu tum  y i e l d  r e s u l t s  w h ic h  a r e  m a r k e d l y  
i n f e r i o r  t o  t n o s e  y i e l d e d  by c u l t u r e  o f  t n e  d e p o s i t  o b t a i n e d  
by c e n t r i f u g i n g  t h e  n o m o g e n a te .  T h e r e f o r e ,  i t  was tho-ugut  t h  
t h e  s i m p l e s t  method o f  o m i t t i n g  c e n t r i f u g a t i o n  w i t n o u t  l o s s  of
e f f i c i e n c y  would be  t o  c u l t u r e  t h e  w h o le  s p e c im e n .  Two 
m ethods  b a s e d  on t h i s  p r i n c i p l e  w ere  e v o l v e d .  In  t h e  f i r s t ,  
u n t r e a t e d  spu tum  was c u l t u r e d  i n  t h e  f l u i d  medium EV ( s e e  
p .  74 o f  t h i s  t h e s i s )  an d ,  i n  t h e  s e c o n d ,  sputum h o m o g e n ise d  
w i th  1 p e r  c e n t ,  sod ium  h y d r o x i d e  was c u l t u r e d  i n  t h e  f l u i d  
medium PE ( s e e  p .  74 of t h i s  t h e s i s )  w i t h o u t  p r e l i m i n a r y  
c o n c e n t r a t i o n  by c e n t r i f u g a t i o n .
C u l t u r e o f  u n t r e n t e d  sputurn i n  EV med i u m. s p e c im e n s  o f  
sputum w ere  d i v i d e d  i n t o  2 e q u a l  p o r t i o n s ;  one p o r t i o n  w^e 
c u l t u r e d  by t h e  sodium h y d r o x i d e  m ethod  and t n e  o t h e r  
was t r a n s f e r r e d  w i t h o u t  p r e l i m i n a r y  d e c o n t a m i n a t i o n  i n t o  
EV medium. • T h i r t y - t w o  s p e c im e n s  w ere  exam ined;  o f  t h e s e ,
7 w ere  found to '  c o n t a i n  a few a c i d - f a s t  b a c i l l i  o n ly  a l t e r  
c o n c e n t r a t i o n  w i t n  sod ium  h y d r o x i d e  and t h e  r e m a i n i n g  25
s p e c im e n s  w ere  n e g a t i v e  f o r  a c i d - f a s t  b a c i l l i  even  a f t e r  
c o n c e n t r a t i o n .
The r e s u l t s  a r e  sum m ar ised  i n  t a b l e  72* W i th  t h e  
7 s p e c i m e n s  p o s i t i v e  f o r  a c i d - f a s t  b a c i l l i  o n l y  a f t e r  
c o n c e n t r a t i o n ,  t h e  EV medium y i e l d e d  3 p o s i t i v e  r e s u l t s  
compared w i t h  6 p o s i t i v e  r e s u l t s  o b t a i n e d  by t h e  sod ium  
h y d r o x i d e  m e t h o d .  W ith  t h e  25 s p e c im e n s  c o m p l e t e l y  
n e g a t i v e  f o r  a c i d - f a s t  b a c i l l i  by m i c r o s c o p y ,  t h e  EV medium 
f a i l e d  t o  y i e l d  any p o s i t i v e  r e s u l t s  w h e r e a s  t h e  sod ium  
h y d r o x id e  m ethod  y i e l d e d  5 .  I t  i s  c l e a r  t h a t  c u l t u r e  o f  
u n t r e a t e d  spu tum  i n  EV medium i s  much l e s s  e f f i c i e n t  t h a n  
c u l t u r e  by t h e  sod ium  h y d r o x i d e  method and i t  m u s t  be 
em p h as ised  t h a t  a l l  t h e  EV c u l t u r e s ,  i n c l u d i n g  t h o s e  i n  
which m i c r o - c o l o n i e s  o f  t u b e r c l e  b a c i l l i  were  o b s e r v e d ,  
wre re  h e a v i l y  overg row n  w i t h  c o n t a m i n a n t s .  I t  i s  p r o b a b l e  
t h a t  f a i l u r e  t o  c o n t r o l  c o n t a m i n a t i o n  i s  t h e  m a in  r e a s o n  why 
t h i s  m e thod  com pares  so  u n f a v o u r a b l y  w i t h  t h e  sod ium  
h y d r o x id e  m ethod*
C u l t u r e  o f  h o m o g en ise d  sputum i n  P .E* medium.
F a i l u r e  o f  t h e  EV medium t o  c o n t r o l  c o n t a m i n a t i o n  
in  t h e  c u l t u r e  o f  u n t r e a t e d  spu tum  s u g g e s t e d  t h a t  p r e l i m i n a r y  
h o m o g e n i s a t i o n  and d e c o n t a m i n a t i o n  w i t h  1 p e r  c e n t ,  sod ium  
h y d r o x id e  f o l l o w e d  by c u l t u r e  i n  PE medium o f  a l l  o f  t h e  
homogenate  m i g h t  y i e l d  b e t t e r  r e s u l t s *  T w e n ty - s e v e n  
sp ec im e n s  o f  sp u tu m  were  d i v i d e d  i n t o  2 e q u a l  p o r t i o n s ;  one
I d 7
p o r t i o n  was hom ogen ised  w i t h  1 p e r  c e n t ,  sod ium  h y d r o x i d e  and 
t h e  w n o le  ho m o g en a te  was c u l t u r e d  i n  t n e  PI1 medium; t n e  o t n e r  
p o r t i o n  was c u l t u r e d  by t h e  s t a n d a r d  sodium h y d r o x i d e  m e tn o d .  
The b u f f e r i n g  a c t i o n  o f  t h e  PP medium was s u c h  t h a t ,  a f t e r  
t h e  a d d i t i o n  o f  t h e  a l k a l i n e  h o m o g e n a te ,  t h e  pH d i d  n o t  r i s e  
above 7 . 5 .  - I n  3 o f  t h e  s p e c i m e n s ,  a c i d - f a s t  b a c i l l i  w e re  
d e t e c t e d  by d i r e c t  m i c r o s c o p y ;  i n  a f u r t h e r  5 ,  a few a c i d -  
f a s t  b a c i l l i  w e re  d e t e c t e d  a f t e r  c o n c e n t r a t i o n  by t h e  sodium 
h y d r o x i d e  m e th o d ;  and i n  t n e  r e m a i n i n g  19 s p e c i m e n s  a c i d -  
f a s t  b a c i l l i  w e re  n o t  d e t e c t e d  even  a f t e r  c o n c e n t r a t i o n .
The r e s u l t s  a r e  sum m ar ised  i n  t a b l e  73 .  Tne PP 
medium y i e l d e d  o n l y  1 p o s i t i v e  r e s u l t  f rom t , , e  3 s p e c im e n s  
p o s i t i v e  by  d i r e c t  m i c r o s c o p y ;  3 p o s i t i v e  r e s u l t s  w ere  
o b t a i n e d  f rom  t h e s e  s p e c im e n s  by t h e  sodium h y d r o x i d e  m e t n o d .  
Prom t h e  5 s p e c im e n s  p o s i t i v e  o n ly  a f t e r  c o n c e n t r a t i o n ,  z 
p o s i t i v e  r e s u l t s  were  o b t a i n e d  i n  pp medium and 5 by t n e  
sod ium h y d r o x i d e  m e th o d .  I n  t n e  19 s p e c im e n s  n e g a t i v e  even  
a f t e r  c o n c e n t r a t i o n  t h e  PP medium f a i l e d  t o  y i e l d  any p o s i t i v e  
r e s u l t s  w h e r e a s  t n e  sod ium  h y d r o x i d e  method y i e l d e d  4 p o s i t i v e  
r e s u l t s .  A l l  o f  t h e  c u l t u r e s  i n  t h e  pp  medium i n c l u d i n g  t h e  
p o s i t i v e  o n e s  w e re  overgrow n by c o n t a m i n a n t s .  Thus ,  
d e s p i t e  p r e l i m i n a r y  d e c o n t a m i n a t i o n  o f  t h e  spu tum  and t h e  
i n c o r p o r a t i o n  o f  b a c t e r i o s t a t i c  a g e n t s  i n  t h e  medium, f l u i d  
c u l t u r e s  f rom sputum  i n  PP medium a r e  r e a d i l y  overg row n  by
c o n t a m i n a n t s ;  t h i s  i s  p r o b a b l y  t h e  m a in  r e a s o n  why t h e  
medium compared u n f a v o u r a b l y  w i t h  t h e  sod ium  h y d r o x i d e  
method#
E x p e r i m e n t  1 0  c o n s t i t u t e s  o n l y  a p r e l i m i n a r y  
e x a m i n a t i o n  o f  t h e  p o s s i b l e  u s e s  o f  f l u i d  m e d ia  f o r  t h e  
i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  f rom s p u tu m .  In  my o p i n i o n ,  
t h e  u n f a v o u r a b l e  ' r e s u l t s  do n o t  r u l e  o u t  t h e  p o s s i b i l i t y  
of  p r o g r e s s  t o w a r d s  s i m p l i c i t y  and e f f i c i e n c y  i n  t h e  i s o l a t i o n  
o f  t u b e r c l e  b a c i l l i  f rom  sputum by  means  o f  f l u i d  m e d i a -  
Some o f  t h e  p r e l i m i n a r y  w ork  f o r  t h i s  e x p e r i m e n t  i s  r e p o r t e d  
in  e x p e r i m e n t  6 and i t  i s  p o i n t e d  ou t  on p . 144 o f  t h i s  t h e s i s  
t h a t  much more e l a b o r a t e  t e s t s  t h a n  t h o s e  I hav e  em ployed  
would be  r e q u i r e d  i n  o r d e r  to  e v o l v e  a c o m b i n a t i o n  o f  
b a c t e r i o s t a t i c  a g e n t s  w h ic h  would  p e r m i t  f r e e  g r o w th  o f  
t u b e r c l e  b a c i l l i  and i n h i b i t  t h e  g r o w th  o f  c o n t a m i n a n t s .  
I n v e s t i g a t i o n  o f  t h i s  means o f  a v o i d i n g  c e n t r i f u g a t i o n  was  
abandoned a t  t h i s  p o i n t  o n l y  b e c a u s e  i t  o f f e r e d  l i t t l e  
im m edia te  p r o s p e c t  o f  s u c c e s s .
Experiment 1 2 .
The e v a l u a t i o n  o f  N a s s a u 1s swab m ethod  o f  
i s o l a t i n g  t u b e r c l e  b a c i l l i .
N a s s a u  ( 1 9 5 4 )  d e s c r i b e d  a m ethod  o f  i s o l a t i n g  t u b e r c l e  
b a c i l l i  f rom  sputum  by means o f  c o t t o n  wool  s w a b s .  D e t a i l s  
of  t h e  m ethod  a r e  g i v e n  on p .  107 o f  t h i s  t h e s i s .  The m ethod  
was exam ined  c r i t i c a l l y  b e c a u s e  i t  i s  s i m p l e  and a v o i d s  t h e  
r i s k s  a t t a c h e d  t o  h o m o g e n i s a t i o n  and c e n t r i f u g a t i o n  ( s e e  p .  57 
o f  t h i s  t h e s i s ) .  P o u r  g r o u p s  o f  sp e c im e n s  w e re  u s e d  t o  
e v a l u a t e  t h e  swab m e t h o d : -
1) -Specimens p o s i t i v e  f o r  a c i d - f a s t  b a c i l l i  by  d i r e c t  
m i c r o s c o p y . The swab m ethod was a p p l i e d  t o  t h e s e  s p e c im e n s  
w i t h o u t  c o m p a r i s o n  w i t h  t h e  sodium h y d r o x i d e  m ethod;  s p e c im e n s  
of  t h i s  k i n d  s h o u ld  y i e l d  a v e r y  h i g h  p r o p o r t i o n  o f  p o s i t i v e  
r e s u l t s  by  any  r e a s o n a b l y  e f f i c i e n t  m e th o d .
2 ) S p ec im en s  n e g a t i v e  f o r  a c i d - f a s t  b a c i l l i  by  d i r e c t  
m ic ro s c o p y  b u t  p o s i t i v e  a f t e r  c o n c e n t r a t i o n  w i t h  sod ium 
h y d r o x id e . The r e s u l t s  o b t a i n e d  by  t h e  swab m ethod  f rom  t h e s e  
spec imens  were  compared  w i t h  t h o s e  o b t a i n e d  by t h e  sodium 
h y d ro x id e  m e th o d .
2) S i n g l e  s p e c im e n s  n e g a t i v e  by  m i c r o s c o p y  f o r  a c i d - f a s t  
h a c i l i j  ev en  a f t e r  c o n c e n t r a t i o n . Each  sp ec im e n  i n  t h i s  g roup  
was o b t a i n e d  f rom a d i f f e r e n t  p a t i e n t .  The r e s u l t s  o b t a i n e d
from t h e s e  s p e c im e n s  "by t h e  swab method  were  compared  w i t h  
th o s e  o b t a i n e d  by t h e  sod ium  h y d r o x i d e  m e th o d .
4)  R e p l i c a t e  s p e c i m e n s  n e g a t i v e  by m i c r o s c o p y  f o r  a c i d - f a s t  
b a c i l l i  ev en  a f t e r  c o n c e n t r a t i o n . P a t i e n t s  who c o n t r i b u t e d  
s p e c im e n s  t o  t h i s  g ro u p  e a c h  c o n t r i b u t e d  2 o r  more  r e p l i c a t e  
sp ec im e n s*  The r e s u l t s  o b t a i n e d  f rom t h e s e  s p e c im e n s  b y  t h e  
swab m ethod  were  com pared  w i t h  t h o s e  o b t a i n e d  by t h e  sod ium  
h y d r o x id e  m e t h o d .  Two c o m p a r i s o n s  were  m a d e : ( l )  o f  t h e  
numbers o f  p a t i e n t s  who y i e l d e d  a p o s i t i v e  r e s u l t  f rom  one 
or more r e p l i c a t e  s p e c im e n s  and ( 2 ) o f  t h e  numbers  o f  s p e c im e n s  
which y i e l d e d  a p o s i t i v e  r e s u l t .
The f o l l o w i n g  r e s u l t s  were o b t a i n e d .
Specimens, p o s i t i v e  f o r  a c i d - f a s t  b a c i l l i  by m i c r o s c o p y . as 
shown i n  t a b l e  74 t u b e r c l e  b a c i l l i  w ere  i s o l a t e d  by t h e  swab 
method f rom  92 o f  96 s p e c i m e n s .  A l th o u g h  no c o m p a r i s o n  was  
made w i t h  t h e s e  s p u t a  b e tw ee n  t h e  swab and sodium h y d r o x i d e  
m e th o d s ,  i t  i s  c l e a r  t h a t  t h e  r e s u l t s  w i t h  t h e  swab method  
l e a v e  l i t t l e  room f o r  im p ro v em en t .  The c o n t a m i n a t i o n  r a t e  
was s a t i s f a c t o r i l y  lo w .
Specim ens  n e g a t i v e  f o r  a c i d - f a s t  b a c i l l i  by d i r e c t  m i c r o s c o p y  
but  p o s i t i v e  a f t e r  c o n c e n t r a t i o n  w i t h  sod ium  h y d r o x i d e . I n  
t h i s  s m a l l  g r o u p  o f  3 0  s p e c im e n s  t h e r e  was  no s t r i k i n g  d i f f e r e n c e  
in  e f f i c i e n c y  b e tw e e n  t h e  swab method and th e  sod ium  h y d r o x i d e
m eth od . Table  75 shows t n a t  tne swab metnod y i e l d e d  1 
c u l t u r e  o f  t u b e r . d e  b a c i l l i  vnen tne  c o r r e s p o n d in g  c u l t u r e  
by tn e  sodium n y d ro x id e  metnod was n e g a t i v e  and tn e  sodium  
h y d ro x id e  method y i e l d e d  5 c u l t u r e s  o f  t u b e r c l e  b a c i l l i  vnen  
the c o r r e s p o n d in g  c u l t u r e s  by th e  swab metnod were n e g a t i v e #  
S i n g l e  spec im ens  n e g a t i v e  by m ic ro sco p y  f o r  a c i d - f a s t  bac i l l i  
even a f t e r  c o n c e n t r a t i o n  w ith  sodium hydro x i d e . This  group 
of  spec im en s  c o n s i s t e d  of  150 specimens - one from eacn o f  
150 p a t i e n t s .  The e f f i c i e n c y  o f  t h e  swab method i s  compared 
w ith  t n a t  o f  t h e  sodium h y d r o x id e  method in  t a b l e  76 .  Both 
methods y i e l d e d  c u l t u r e s  from 19 o f  th e  spec im en s;  tn e  swao 
method y i e l d e d  c u l t u r e s  o f  t u b e r c l e  b a c i l l i ,  from 5 specim ens  
wnich gave n e g a t i v e  r e s u l t s  by the  sodium h y d ro x id e  metnod; 
and th e  sodium h y d r o x id e  method y i e l d e d  c u l t u r e s  o f  t u b e r c l e  
b a c i l l i  from 12 spec im ens  wnich  gave n e g a t i v e  r e s u l t s  by tne  
swab method.  When the  c o n ta m in a t io n  r a t e  i s  based on t h e  
number o f  spec im ens  f o r  which a r e s u l t  was not  o b ta in e d  
because  o f  co n ta m in a t io n  o f  both  s l o p e s  i n o c u l a t e d  from t n e s e  
sp e c im e n s ,  the  r a t e  fo r  t h e  sodium h y d r o x id e  method,  10 per 
c e n t . ,  i s  4 t im e s  t n a t  f o r  tn e  swab method, 2 . 5  per c e n t ,  
( t a b l e  7 7 ) .  Because  o f  the  r e l a t i v e l y  h ig h  c o n ta m in a t io n  
r a t e  w i t h  th e  sodium h ydrox ide  method th e  comparison o f  th e  
two methods was b ia se d  in  favou r  o f  the  swab method.  O m it t in g  
t h e  spe c im en s  i n  wnich  the  r e s u l t  o f  c u l t u r e  by e i t h e r  metnod 
i s  in f lu e n  ced by conta .n inat ion  , tne  d i  f f e r e n  ce between tn e  tv o 
metnod s i n  fa v o u r  o f  tne sodium h y d r o x id e  metnod i s  eves  more
s t r i k i n g  ( t a b l e  7 6 ) .
H e p l i c u t e  3 p e c i mens n e g a t i v e by i^ i 1 0 r o s c o py l o r  a c i d - f a s t  
b h E i i l  i  even a f t e r  ■ c o n c e n t r a t i o n w i t h sodium h y d r o x id e  . Tne 
second group o± spec im ens  in wnicn acio. -f._.st b a c i l l i  were  
not seen  even a f t e r  eon cen tra  t i o n  was obta ined  from 41 
p a t i e n t s ;  2 or  more r e p l i c a t e  spec im ens  were ob ta in ed  fro.a 
each p a t i e n t  and tn e  t o t a l  number o f  specim ens  in  tne  group 
i s  1 0 4 .  The i n t e r v a l  between the e x a m in a t io n  o f  r e p l i c a t e  
spec im en s  from a p a r t i c u l a r  p a t i e n t  was from b t o  10 days*
P a t i e n t s  who y i e l d e d  a p o s i t i v e  c u l t u r e . Table 78 g i v e s  
d e t a i l s  o f  the  r e s u l t s  ob ta in ed  from 19 p a t i e n t s  wno y i e l u e d  
a p o s i t i v e  c u l t u r e  by e i t h e r  or bo th  methods in  1 or more o f  
th e  r e p l i c a t e  spe c im en s  which th ey  c o n t r i b u t e d . Tne 
f o l l o w i n g  p o i n t s  em er g e ; -
1)  The sodium h y d r o x id e  method f a i l e d  to  y i e l d  a p o s i t i v e  
r e s u l t  i n  o n ly  1 i n s t a n c e  ( p a t i e n t  8 ) ;  on tne  o th e r  hand t n e  
swab method f a i l e d  t o  y i e l d  a p o s i t i v e  r e s u l t  in  10  i n s t a n c e s  
( p a t i e n t s  1 ,  b,  4 ,  5 ,  7, 9,  10 ,  1 2 ,  lb  and 1 9 ) .
2) When the  spec im ens  are  d i v i d e d  i n t o  b s e p a r a te  s e r i e s  o f
of  s i n g l e  specimens a cc o r d in g  to  t n e  c h r o n o l o g i c a l  order  in  wnich  
each spec im en from ea ch  p a t i e n t  was examined,  t n e  s u c c e s s  r a t e  
fo r  t n e  swab method in  each s e r i e s  i s  o n ly  n a i f  t h a t  o f  t n e  
sodium h y d r o x id e  method.
3) In th e  on ly  p a t i e n t  in  whom the  swab metnod a l o n e  was 
s u c c e s s f u l ,  the  specimen which y i e l d e d  the  p o s i t i v e  r e s u l t
by t h e  swab method may have f a i l e d  to  y i e l d  a p o s i t i v e  r e s u l t  
by t n e  sodium h y d r o x id e  metnod b ec a u s e  b o th  s l o p e s  i n o c u l a t e d
by t h i s  m ethod  w e re  c o n t a m i n a t e d .
Specimens w h ic h  y i e l d e d  a p o s i t i v e  c u l t u r e . T a b le  79 shows 
the  num bers  o f  s p e c im e n s  w h i c h  y i e l d e d  p o s i t i v e  r e s u l t s  i n  
104 s p e c i m e n s  t a k e n  f rom 41 p a t i e n t s .  As w ou ld  be  e x p e c t e d  
from comment ( 2 )  above  on p .  162 o f  t h i s  t h e s i s ,  t h e  s u c c e s s  
r a t e  f o r  t h e  swab m ethod  i s  o n ly  h a l f  t h a t  o f  t h e  sod ium  
h y d ro x id e  method#
T h e se  r e s u l t s  show t h a t  a l t h o u g h  t h e  swab m ethod  i s  
h i g h l y  e f f i c i e n t  w i t h  s p e c im e n s  known t o  c o n t a i n  a c i d - f a s t  
b a c i l l i  ( t a b l e s  74 and 75)  i t s  e f f i c i e n c y  com pares  v e r y  
u n f a v o u r a b l y  w i t h  t h a t  o f  t h e  sodium h y d r o x i d e  m ethod  w i t h  
spec imens  i n  w h i c h  m i c r o s c o p y  f a i l e d  t o  d e m o n s t r a t e  a c i d - f a s t  
b a c i l l i .
The s i m p l i c i t y  and s a f e t y  o f  t h e  swab method make i t  
very a t t r a c t i v e .  I t  i s  h i g h l y  e f f i c i e n t  w i t h  s p e c im e n s  known 
from m i c r o s c o p y  t o  c o n t a i n  a c i d - f a s t  b a c i l l i  and t h i s  f a c t  
g ives  t h e  m e th o d  a u s e f u l  p l a c e  i n  r o u t i n e  l a b o r a t o r y  p r a c t i c e  
The d a n g e r  o f  c r e a t i n g  h i g h l y  i n f e c t i v e  a e r o s o l s  by  c e n t r i f u g ­
a t io n  and s h a k i n g  can be  g r e a t l y  r e d u c e d  by  c u l t u r i n g  m i c r o s c o  
p i c a l l y  p o s i t i v e  s p e c i m e n s  b y  t h e  swab m e th o d  and by l i m i t i n g  
to m i c r o s c o p i c a l l y  n e g a t i v e  s p e c im e n s  t h e  a p p l i c a t i o n  o f  t h e  
more e f f i c i e n t  b u t  more d a n g e r o u s  and t i m e - c o n s u m i n g  sodium 
h ydrox ide  m e th o d .
Experiment 13
C om par ison  o f  spu tum c u l t u r e  and l a r y n g e a l  
swab c u l t u r e  f o r  t h e  i s o l a t i o n  o f  t u b e r c l e  
b a c i l l i  f rom p a t i e n t s  s u f f e r i n g  
f rom p u lm o n a ry  t u b e r c u l o s i s .
The r e s u l t s  o f  e x p e r i m e n t  12 show t h a t  i t  i s  p o s s i b l e  
t o  r e d u c e  t h e  d a n g e r  o f  l a b o r a t o r y  i n f e c t i o n  by ( a )  a d o p t i n g  
N a s s a u ' s  swab m ethod f o r  s p e c im e n s  known f rom  m i c r o s c o p y  t o  
c o n t a i n  a c i d - f a s t  b a c i l l i  and ( b )  r e s e r v i n g  t h e  sod ium 
h y d r o x id e  m ethod f o r  s p e c im e n s  i n  w h ic h  d i r e c t  m i c r o s c o p y  
f a i l s  t o  d e t e c t  a c i d - f a s t  b a c i l l i .  T h is  a r r a n g e m e n t  i s  n o t  
i d e a l  b e c a u s e  i t  i n v o l v e s  t h e  o p e r a t i o n  o f  2 m e th o d s  i n  1 
l a b o r a t o r y .  l a r y n g e a l  swabs may be p r e p a r e d  f o r  c u l t u r e  i n  
e x a c t l y  t h e  same way as  spu tum swabs ( s e e  p * i q v  o f  t h i s  
t h e s i s ) .  I t  was  t h e r e f o r e  d e c i d e d  t o  compare t h e  e f f i c i e n c y  
of l a r y n g e a l  swab c u l t u r e  w i t h  t h a t  o f  spu tum  c u l t u r e  i n  
p a t i e n t s  whose spu tum  was n e g a t i v e  by m i c r o s c o p y  f o r  t u b e r c l e  
b a c i l l i  b e c a u s e ,  i f  l a r y n g e a l  swab c u l t u r e  com pared  f a v o u r a b l y  
w i th  c u l t u r e  f rom  spu tum  by t h e  sod ium h y d r o x i d e  m e th o d ,  a 
s im p le ,  s a f e ,  e f f i c i e n t  and u n i f o r m  m ethod  c o u l d  be a d o p t e d  
in r o u t i n e  l a b o r a t o r y  p r a c t i c e .
F o r t y - s i x  p a t i e n t s ,  a l l  o f  whom p r o d u c e d  sputum w n ic h  
was n e g a t i v e  by m i c r o s c o p y  f o r  a c i d - f a s t  b a c i l l i  were  i n v e s t i g a t
l o o
Soon p a t i e n t  c o n t r i  bated o r e p l i c a t e  spec im ens  for  c u l t u r e  
by trie sodium hyd rox ia  e met nod and when each specimen was  
c o l l e c t e d  f o r  c u l t u r e ,  l a r y n g e a l  swabs were t a k e n .  In t n i s  
way th e  r e s u l t  o f  c u l t u r e  o f  each  specimen o f  sputum, taken  
at a g iv e n  t im e ,  was compared w i t h  the  r e s u l t  o f  c u l t u r i n g  
2 l a r y n g e a l  swabs taken a t  ap p ro x im a te ly  t h e  same t i m e .
The t im e o v er  which  r e p l i c a t e  spec im ens  were taken  from a 
g iven  p a t i e n t  was never  more than 10 d a y s .
P a t i e n t s  who y i e l ded a p o s i t i v e  c u l t u r e . T h i r t e e n  o f  th e  
46 p a t i e n t s  y i e l d e d  a p o s i t i v e  c u l t u r e  by e i t h e r  or bo th  
methods from 1 or more of  th e  r e p l i c a t e  s p e c im e n s .  Table  
80 shows th e  r e s u l t s  o b ta in e d  i n  3 r e p l i c a t e  spec im ens  
c o n t r ib u t e d  by each o f  tn e  10 p a t i e n t s  who y i e l d e d  a p o s i t i v e  
c u l t u r e .  The f o l l o w i n g  p o i n t s  e m e r g e : -
1) The sodium h y d ro x id e  method y i e l d e d  a t  l e a s t  1 p o s i t i v e  
c u l t u r e  i n  a l l  o f  tn e  IS p a t i e n t s  whereas  th e  l a r y n g e a l  swab 
method f a i l e d  t o  y i e l d  a p o s i t i v e  c u l t u r e  in  4 p a t i e n t s  ( 2 ,
4 ,  8 and I S ) .
2 )  When the  spe c im en s  are d i v i d e d  i n t o  S s e p a r a t e  s e r i e s  
a c c o r d in g  t o  the  c h r o n o l o g i c a l  order i n  which  each specimen  
from each p a t i e n t  was examined,  th e  d i f f e r e n c e  between th e  
2 methods i s  s l i g h t  i n  th e  f i r s t  and t h i r d  s e r i e s  but  v e ry  
marked in  t h e  second s e r i e s .
3)  In 2 i n s t a n c e s  in  which a p o s i t i v e  r e s u l t  was o b ta in e d  
from a s i n g l e  specimen, only  by t n e  l a r y n g e a l  swab method,  tne
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c o r r e s p o n d i n g  c u l t u r e s  by t h e  sod ium  h y d r o x i d e  m ethod  w e re  
s p o i l e d  by c o n t a m i n a t i o n  ( p a t i e n t  6 , t h i r d  r e p l i c a t e  s p e c im e n ;  
p a t i e n t  1 2 ,  f i r s t  r e p l i c a t e  s p e c i m e n ) .  I n  1 i n s t a n c e  t h e  
r e v e r s e  was t h e  c a s e  ( p a t i e n t  1 2 , s e c o n d  r e p l i c a t e  s p e c i m e n ) .  
Specimens  w h ic h  y i e l d e d  a p o s i t i v e  c u l t u r e . T a b le  81 shows 
t h a t  o f  138 s p e c im e n s  examined  33 y i e l d e d  a p o s i t i v e  r e s u l t  
by e i t h e r  o r  b o t h  m e t h o d s .  A p o s i t i v e  r e s u l t  was y i e l d e d  
by b o t h  m e th o d s  i n  12  s p e c i m e n s ;  a f u r t h e r  16 p o s i t i v e  
r e s u l t s  w ere  o b t a i n e d  o n ly  by t h e  sodium h y d r o x i d e  m ethod 
and a f u r t h e r  5 o n ly  by t h e  l a r y n g e a l  swab m e th o d .
The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  show t h a t ,  how ever  
t h e s e  r e s u l t s  a r e  a n a l y s e d ,  t h e  sod ium  h y d r o x i d e  m ethod  i s  
s u p e r i o r  t o  t h e  l a r y n g e a l  swab method  and t h a t  a l t h o u g h  
r e p l i c a t e  e x a m i n a t i o n  o f  s p e c im e n s  i n c r e a s e d  t h e  y i e l d  o f  
p o s i t i v e  r e s u l t s  from t h e  46 p a t i e n t s  by t h e  l a r y n g e a l  swab 
method, a g r e a t e r  i n c r e a s e  was o b t a i n e d  when t h e  sod ium  
h y d r o x id e  m ethod  was e m p lo y e d .
C o n ta m in a t io n  r a t e s . The r a t i o  o f  t h e  number  o f  c o n t a m i n a t e d  
s lo p es  t o  t h e  number o f  s l o p e s  i n o c u l a t e d  was 6 2 /2 7 6  ( 2 2 .5  
per c e n t . )  f o r  t h e  sod ium h y d r o x id e  method and 2 4 /2 7 6  ( 8 . 6  p e r  
c e n t . )  f o r  t h e  l a r y n g e a l  swab method  ( t a b l e  8 2 ) .  B ec a u se  
only 2 s l o p e s  w ere  i n o c u l a t e d  by  e a c h  m ethod  from a g i v e n  
e x a m i n a t i o n ,  c o n t a m i n a t i o n  of  b o t h  s l o p e s  i n  one e x a m i n a t i o n  
ru led  o u t  t h e  p o s s i b i l i t y  o f  o b t a i n i n g  a p o s i t i v e  r e s u l t .
This was t h e  c a s e  i n  1 2 . 3  p e r  c e n t ,  o f  e x a m i n a t i o n s  by t h e
16 7
sodium h y d r o x i d e  method 'and 1 . 4  p e r  d e n t ,  o f  e x a m i n a t i o n s  
by t h e  l a r y n g e a l  swab m e th o d .  Tne s u p e r i o r i t y  o f  t h e  
sod ium  h y d r o x i d e  m ethod i n  t h i s  i n v e s t i g a t i o n  i s  t h e r e f o r e  
d e m o n s t r a t e d  u n d e r  c o n d i t i o n s  w h ic h  f a v o u r e d  t n e  l a r y n g e a l  
swab m e th o d .
These  r e s u l t s  s u g g e s t  t h a t ,  a l t h o u g h  i n  a s i n g l e  s e r i e s  
of  s p e c i m e n s  t n e  l a r y n g e a l  swab method may y i e l d  a p o s i t i v e  
r e s u l t  i n  a few s p e c im e n s  i n  w h ic h  t h e  c o r r e s p o n d i n g  r e s u l t  
by t n e  sod ium  h y d r o x i d e  method i s  n e g a t i v e  ( t a b l e  80,  f i r s t  
and t h i r d  g r o u p s  o f  r e p l i c a t e  s p e c i m e n s ) ,  t n e  l a r y n g e a l  swab 
metnod I s  n o t  e f f i c i e n t  enough t o  r e p l a c e  t h e  sod ium  h y d r o x i d e  
method .
A n o th e r  f e a t u r e  o f  l a r y n g e a l  swab s p e c im e n s  must  a l s o  
be m e n t i o n e d ;  t n e y  can b e  p r e p a r e d  f o r  c u l t u r e  by a m ethod 
w hich  i s  r e l a t i v e l y  s a f e  f o r  t n e  l a b o r a t o r y  w o r k e r  b u t  t h e y  
m ig h t  w e l l  b e  a s o u r c e  o f  d a n g e r  t o  t h e  p e r s o n  who tam es  
t h e  swabs  f rom t h e  p a t i e n t .  T h e r e f o r e  t h e  g e n e r a l  a p p l i c a t i o n  
o f  t h e  l a r y n g e a l  swab method would  s im p ly  t r a n s f e r  a r i s k  
from t h e  l a b o r a t o r y  w o r k e r  t o  t n e  c l i n i c a l  w o r k e r .
Experiment 14
C o n c e n t r a t i o n  o f  t u b e r c l e  b a c i l l i  f rom h o m o g en a te s  
o f  spu tum  by s e d i m e n t a t i o n  w i t h  b a r iu m  s u l p h a t e .
So f a r ,  i n  t h e s e  e x p e r i m e n t s ,  i t  h a s  n o t  b e en  p o s s i b l e  
to a v o id  c e n t r i f u g a t i o n  and r e t a i n  e f f i c i e n c y  i n  t h e  i s o l a t i o n  
of t u b e r c l e  b a c i l l i  f rom sputum;  t h e  f o l l o w i n g  a p p r o a c h e s  t o  
the p r o b le m  have  f a i l e d  t o  p r o d u c e  a s a t i s f a c t o r y  a l t e r n a t i v e  
to t h e  u s e  o f  c e n t r i f u g a t i o n :  1 ) t h e  c u l t i v a t i o n  o f  a s m a l l
p o r t i o n  o f  n e u t r a l i s e d  hom ogena te  w i t h o u t  p r e l i m i n a r y  c e n t r i ­
f u g a t io n  ( e x p e r i m e n t  1 0 , p .  153 o f  t h i s  t h e s i s ) ;  2 ) t h e  u s e  
of a f l u i d  medium f o r  t h e  c u l t i v a t i o n  o f  e i t h e r  a c o m p le t e  
specimen o f  spu tum  o r  t h e  t o t a l  volume o f  t h e  h o m o g e n ised  
specimen ( e x p e r i m e n t  11 ,  p .  155 o f  t h i s  t h e s i s ) ;  3 )  t h e  
p r e p a r a t i o n  o f  sp u tu m  f o r  c u l t u r e  by means o f  c o t t o n  wool  
swabs ( e x p e r i m e n t  1 2 ,  p*159 o f  t h i s  t h e s i s ) ;  and 4 )  t h e  
c u l t u r e  o f  l a r y n g e a l  swab s p e c im e n s  ( e x p e r i m e n t  1 3 ,  p .  164 
of t n i s  t h e s i s ) .  The p r e s e n t  e x p e r i m e n t  was d e s i g n e d  t o  
d em o n s t ra te  w h e t h e r  t u b e r c l e  b a c i l l i  c o u ld  be c o n c e n t r a t e d  
e f f i c i e n t l y  from a spu tum hom ogenate  by a d d i n g  a s u s p e n s i o n  
of ba r ium  s u l p h a t e  t o  t h e  hom ogena te ;  t h e  b a r iu m  s u l p h a t e  
su sp en s io n  a d h e r e s  t o  t h e  more s o l i d  p a r t i c l e s  o f  th e  
homogenate a n d ,  w i t h o u t  c e n t r i f u g a t i o n ,  a d e p o s i t  i s  r a p i d l y  
formed w h ic h  may b e  u se d  f o r  i n o c u l a t i n g  m e d i a .
I d  9
A s im p le  procedure  i s  d e s c r i b e d  on p. 114: o f  i n i s  t r e s i s  
f o r  tn e  c o n c e n t r a t i o n  of t u b e r c l e  b a c i l l i  from sputum horno- 
g e n a t e s  by means o f  barium s u lp h a t e ;  i t  i n v o l v e s  th e  u s e  
o f  s p e c i a l  s e d im e n t a t i o n  t u b e s  ( i l l u s t r a t e d  i n  f i g s .  4 ,  5 and 
6 and d e s c r i b e d  on p .  113 o f  t h i s  t h e s i s ) .
The e f f i c i e n c y  o f  barium s u l o h a t e  s e d im e n t a t i o n  was 
compared w i t h  t h a t  o f  c e n t r i f u g a t i o n  i n  two s e p a r a t e  s e r i e s  
o f  s p e c im e n s .  The f i r s t  s e r i e s  was s m a l l  and u se d  as a 
p r e l i m i n a r y  t e s t  in  order  to d em onstrate  whether  t h e  method 
could c o n c e n t r a t e  s m a l l  numbers, o f  t u b e r c l e  b a c i l l i  from 
sputum* t h e  second s e r i e s  was l a r g e r  than th e  f i r s t  and 
was used t o  ensure  a more c r i t i c a l  comparison o f  tn e  e f f i c i e n c y  
of  barium s u lp h a t e  s e d im e n t a t io n  and. c e n t r i f u g a t i o n .
P r e l im i n a r y  ex am inat ion  o f  t ne e f f i c i e n c y  o f  barium s u l p h ate  
se d im e n t a t i o n » F i f t e e n  p a t i e n t s  were i n v e s t i g a t e d ;  eacn  
specim en was homogenised w i t h  sodium h y d r o x id e  and t h e  
hcnr s e n a t e  was d i v i d e d  i n t o  2 equal  p o r t i o n s .  Tne f i r s t  
p ort ion  was washed and c o n c e n t r a te d  by c e n t r i f u g a t i o n  in  tne  
u s u a l  way ( s e e .  p. 74 o f  t h i s  t h e s i s )  and tn e  second was washed 
and c o n c e n t r a t e d  by means o f  barium s u l p h a t e  ( s e e  p . : 114 of 
t n i s  t h e s i s ) .
The r e s u l t s  show 1 )  t h a t  c o n c e n t r a t i o n  w i t h  barium s u r p n u te  
compares f a v o u r a b ly  w i t h  c e n t r i f u g a t i o n  ( t a b l e s  83 and 8 4 ) and
2 ) th o t  t h e  c o n ta m in a t io n  r a t e  w i t h  barium s u l p h a t e  c o n c e n t r a t ­
ion i s  no g r e h e r  than w i th  c e n t r i f u g a t i o n  ( t u o l e  85 ) . Tne
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r e s u l t s  c l ’ c u l t u r e  by b o t h  met nods  i n  t h e  second  r e p l i c a t e  
specimen from p a t i e n t  4 a r e  i l l u s t r a t e d  i n  f i g u r e s  7 a and 
7B- I t  i s  c l e a r  t h a t  b a r iu m  s u l p h a t e  s e d i m e n t a t i o n  c o n c e n ­
t r a t e d  t n e  t u b e r c l e  b a c i l l i  f rom t h i s  s p e c im e n  as  e f f i c i e n t l y  
as c e n t r i f u g a t i o n .  These  p r e l i m i n a r y  r e s u l t s  i n d i c a t e d  t h a t  
f u r t h e r  t r i a l  o f  tn e  method was w o r t h  w h i l e .
Cri t i c a l  ex a m i n a t i o n  o f  b a r iu m  s u l p h a t e  s e d i m e n t a t i o n . In  
t h i s  p a r t  of  t n e  e x p e r i m e n t  i t  was d e c i d e d  t o  compare  t n e  
e f f i c i e n c y  o f  c e n t r i f u g a t i o n  o f  h o m o g en a te s  p r e p a r e d  by t h e  
sodium h y d r o x i d e  method w i t h  t n e  e f f i c i e n c y  o f  b a r iu m  
s u l p h a t e  s e d i m e n t a t i o n  o f  hom ogena tes  p r e p a r e d  from t h e  same 
specimens o f  spu tum  by t h e  method o f  P a t t e r s o n  e t  a l . ( 1 9 5 6 ,  
see p .  33 o f  t h i s  t h e s i s ) .  The r e a s o n s  f o r  a d o p t i n g  t h e
method o f  P a t t e r s o n  e t  a l . f o r  t h e  p r e p a r a t i o n  of  h om ogena te s  
for  c o n c e n t r a t i o n  by b a r iu m  s u l p h a t e  s e d i m e n t a t i o n  a r e  as 
f o l l o w s .  F i r s t ,  P a t t e r s o n  e t  a l  * c l a im  t h a t  t n e i r  method 
of d e c o n t a m i n a t i n g  sputum i s  more e f f i c i e n t  t n a n  t h e  sodium 
h y d ro x id e  m ethod  ( t a b l e  36 and p .  33 o f  t h i s  t h e s i s ) ;  s e c o n d ,  
tney c l a i m  t h a t  t h e i r  method h a s  a much lo w e r  c o n t a m i n a t i o n  
ra te  t n a n  t h e  sodium h y d r o x i d e  m ethod;  and t h i r d ,  t n e i r  
nethod can r e a d i l y  be  a d a p t e d ' f o r  c o n c e n t r a t i o n  by b a r iu m  
s u lp h a t e  ( s e e  p .  115 o f  t h i s  t h e s i s ) .
F i f t y - t w o  p a t i e n t s ,  a l l  o f  whom p r o d u c e d  spu tum  
-mien was n e g a t i v e  by d i r e c t  microscopy f o r  a c i d - f a s t
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b a c i l l i  ^ e r s  i n v e s t i g a t e d .  Each p a t i e n t  c o n t r i b u t e d  3 
r e p l i c a t e  s p e c im e n s  and an e q u a l  p o r t i o n  o f  e a c n  sp ec im en  
was c u l t u r e d  by each  m e th o d .  I n  o t h e r  w o r d s ,  156 s p e c im e n s  
were c u l t u r e d  by  t h e  sod ium  h y d r o x i d e  method (h om oge na te  
c o n c e n t r a t e d  by c e n t r i f u g a t i o n )  and by  a m o d i f i c a t i o n  o f  
P a t t e r s  o n 1s method (h o m o g e n a te  c o n c e n t r a t e d  by b a r iu m  
s u l p h a t e  s e d i m e n t a t i o n ) .  The r e s u l t s  a r e  su m m ar ised  i n  
t a b l e s  8 6 , 87 and 8 8 .
P a t i e n t s  who- y i e l d e d  a - p o s i t i v e  c u l t u r e . E i g h t e e n  o f  t h e  
52 p a t i e n t s  y i e l d e d  a p o s i t i v e  c u l t u r e  by e i t h e r  o r  b o'th 
methods i n  1 o r  more  r e p l i c a t e  s p e c i m e n s .  The r e s u l t s  o f  
c u l t u r e  i n  a l l  3 r e p l i c a t e  s p e c im e n s  from e a ch  o f  t h e s e  18 
p a t i e n t s  a r e  p r e s e n t e d  i n  d e t a i l  i n  t a b l e  8 6 . The f o l l o w i n g  
p o i n t s  em erge :  -
1) Three  of  t h e  p a t i e n t s  ( 3 ,  6 , 15)  f a i l e d  t o  y i e l d  a 
p o s i t i v e  c u l t u r e  by t h e  sod ium  h y d r o x i d e  method w i t h  c e n t r i ­
f u g a t i o n  w h e r e a s  6 p a t i e n t s  (2 ,  7, 10 ,  1 6 ,  18)  f a i l e d  t o
y i e l d  a p o s i t i v e  c u l t u r e  by P a t t e r s o n f s method w i t h  b a r iu m  
s u l p h a t e  s e d i m e n t a t i o n .
2) When t h e  s p e c i m e n s  a r e  d i v i d e d  i n t o  3 s e p a r a t e  s e r i e s  oI  
sp ec im en s  a c c o r d i n g  t o  t h e  c h r o n o l o g i c a l  o r d e r  o f  e x a m i n a t i o n  
of  e a c h  s p e c im e n  from s a c h  p a t i e n t ,  t h e  d i f f e r e n c e  b e tw ee n  
th e  2 m e th o d s  i s  a lw ays  i n  f a v o u r  o f  t h e  sod ium  h y d r o x i d e  
method w i t h  c e n t r i f u g a t i o n #
Specimens which, y i e l d e d  a p o s i t i v e  c u l t u r e . T a b le  87 shows 
t h a t  35 p o s i t i v e  r e s u l t s  w ere  o b t a i n e d  f rom  156 s p e c im e n s  
by e i t h e r  o r  b o t h  m e th o d s ;  t h a t  b o t h  m e th o d s  y i e l d e d  p o s i t i v e  
r e s u l t s  i n  18 s p e c i m e n s .  A p o s i t i v e  r e s u l t  was o b t a i n e d  by  
the sod ium  h y d r o x i d e  m e th o d  w i t h  c o n c e n t r a t i o n  by c e n t r i f u g ­
a t i o n  i n  14 s p e c i m e n s  i n  w h ic h  t h e  c o r r e s p o n d i n g  r e s u l t  was 
n e g a t iv e  by P a t t e r s o n ' s  m ethod  w i t h  c o n c e n t r a t i o n  by  b a r i u m  
s u l p h a t e  s e d i m e n t a t i o n ;  t h e  r e v e r s e  was t h e  c a s e  i n  o n l y  3 
s p ec im e n s .
C o n tam in a t io n  r a t e s . T a b le  8 8  shows t h a t  f o r  t h e  sod ium  
h y d ro x id e  m ethod  w i t h  c e n t r i f u g a t i o n  t h e  p r o p o r t i o n  o f  t h e  
t o t a l  number o f  s l o p e s  s p o i l e d  by c o n t a m i n a t i o n  ( 1 6 . 7  p e r  c e n t  
is a p p r o x i m a t e l y  t h e  same as  t h a t  f o r  P a t t e r s o n !s m ethod  w i t h  
barium s u l p h a t e  s e d i m e n t a t i o n  ( 1 4 . 1  p e r  c e n t . ) .  On t h e  o t h e r  
hand, w i t h  P a t t e r s o n ' s  method  w i t h  c o n c e n t r a t i o n  by  b a r i u m  
s u lp h a te  s e d i m e n t a t i o n ,  t h e  p r o p o r t i o n  o f  sp e c im e n s  i n  w h ic h  
c u l t u r e  y i e l d e d  no r e s u l t  b e c a u s e  o f  c o n t a m i n a t i o n  o f  b o t h  
s lopes  i n o c u l a t e d  was 5 . 8  p e r  c e n t ,  w h e r e a s  t h e  c o r r e s p o n d i n g  
f ig u re  f o r  t h e  so d iu m  h y d r o x i d e  m ethod  w i t h  c e n t r i f u g a t i o n  
was 9 p e r  c e n t .  The c o n t r o l  o f  c o n t a m i n a t i o n  by P a t t e r s o n ' s  
method i n  t h i s  e x p e r i m e n t  was much l e s s  e f f i c i e n t  t h a n  t h a t  
o r i g i n a l l y  r e p o r t e d  b y  P a t t e r s o n  e t  a l . ( s e e  t a b l e s  36 and 3 7 )  
Barium s u l p h a t e  s e d i m e n t a t i o n  i s  l e s s  e f f i c i e n t  t h a n
c e n t r i f u g a t i o n  f o r  t h e  c o n c e n t r a t i o n  o f  t u b e r c l e  b a c i l l i  from 
sputum hom o g en a te  s .  The u s e  o f  ba r iu m  s u l p h a t e  s e d im e n t a t i o n  
i s  s a f e r  and s i m p l e r  t h a n  c e n t r i f u g a t i o n .  However, the  
e f f i c i e n c y  o f  P a t t e r s o n ' s  method m o d i f i e d  by s u b s t i t u t i n g  
barium s u l p h a t e  s e d i m e n t a t i o n  f o r  c e n t r i f u g a t i o n  ( t a b l e s  86 
and 87) i s  o f  t h e  same o r d e r  as  t h a t  of  an even s im p l e r  method 
- t h e  c u l t u r e  o f  l a r y n g e a l  swabs ( t a b l e s  80 and 8 1 ) .  Barium 
s u lp h a te  s e d i m e n t a t i o n  u se d  a s  d e s c r i b e d  i n  t h i s  exper im en t  
(see p .  114 o f  t h i s  t h e s i s )  h as  t h e r e f o r e  no p l a c e  i n  t h e  r o u t i n e  
i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  from sputum.
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The e x p e r i m e n t s  w h ic h  I  have  d e s c r i b e d  i n  t h e  p r e v i o u s  
s e c t io n  a r e  b e s t  r e g a r d e d  as  a p r e l i m i n a r y  s t u d y  o f  m e th o d s  o f  
i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom spu tum ;  t h e  r e a s o n s  f o r  t h i s  
opinion a r e  a s  f o l l o w s .  The. i n f o r m a t i o n  w h ic h  I  hav e  o b t a i n e d  
does no t  e s t a b l i s h  any one method as  w h o l l y  s a t i s f a c t o r y ;  i t  
does n o t  ev en  p e r m i t  me t o  recommend any one m ethod  as  t h e  b e s t  
a v a i l a b l e  f o r  a l l  s p e c im e n s  o f  spu tum .  The m os t  e f f i c i e n t  
method -  t h e  sod ium  h y d r o x i d e  m ethod -  i s  n o t  s a f e  enough 
to be a p p l i e d  r o u t i n e l y  t o  sp e c im e n s  c o n t a i n i n g  l a r g e  numbers  
of t u b e r c l e  b a c i l l i ;  t h e  s a f e s t  m e thod  -  N a s s a u ' s  ( 1 9 5 4 )  
swab m ethod  -  i s  n o t  e f f i c i e n t  enough  t o  be a p p l i e d  r o u t i n e l y  
to spec im e ns  l i k e l y  t o  c o n t a i n  v e r y  few t u b e r c l e  b a c i l l i .  The 
fo l lowing t o p i c s  w i l l  t h e r e f o r e  form t h e  b a s i s  o f  t h e  d i s c u s s i o n  
of my e x p e r i m e n t a l  work:
1 )  The v a l i d i t y  o f  t h e  r e s u l t s .
2 )  The i n f o r m a t i o n ,y i e l d e d  by t h e  e x p e r i m e n t s .
3)  U n s a t i s f a c t o r y  e x p e r i m e n t s .
4 )  F u t u r e  w o rk  r e q u i r e d  t o  e s t a b l i s h  a s a f e ,  
s i m p l e  and e f f i c i e n t  method o f  i s o l a t i n g  t u b e r c l e  
b a c i l l i  f rom sp u tu m .
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THE VALIDITY 01 THE KESULTS
Two m a in  p r o c e d u r e s  have  b ee n  u s e d  t o  exam ine  
m e th o d s  o f - i s  d a t i n g  t u b e r c l e  b a c i l l i  f rom sputum:
1 ) q u a n t i t a t i v e  s t u d i e s  b a s e d  on v i a b l e  c o u n t i n g  and
2 ) s t u d i e s  w i t h  s e r i e s  o f  sputum i n  w h ic h  t h e  e f f i c i e n c y  
o f  a g i v e n  m ethod  was compared  w i t h  t h a t  o f  a s t a n d a r d  
method -  t h e  sod ium  h y d r o x i d e  m e th o d .  B e f o r e  d i s c u s s i n g  
t h e  r e s u l t s  y i e l d e d  by t h e  two p r o c e d u r e s  i t  i s  w o r t h ­
w h i l e  t o  a s s e s s  t h e  v a l u e  o f  t h e  i n f o r m a t i o n  y i e l d e d  by  
each  p r o c e d u r e .
Q u a n t i t a t i v e  s t u d i e s *
Two q u e s t i o n s  m us t  be  answ ered  i n  o r d e r  t o  a s s e s s  
t h e  v a l u e  o f  v i a b l e  c o u n t i n g  a s  a means  o f  c o m p a r in g  t h e  
e f f i c i e n c y  o f  m e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom 
s pu tum .  F i r s t ,  h a v e  r e s u l t s  o b t a i n e d  by v i a b l e  c o u n t i n g  
from s p e c im e n s  c o n t a i n i n g  l a r g e  numbers o f  t u b e r c l e  b a c i l l i  
any r e l e v a n c e  f o r  t h e  m o s t  i m p o r t a n t  s p e c im e n s  d e a l t  w i t h  
u n d e r  r o u t i n e  c o n d i t i o n s  -  sp e c im e n s  l i k e l y  t o  c o n t a i n  
v e ry  few t u b e r c l e  b a c i l l i ?  S e c o n d ,  i n  a c o m p a r i s o n  by 
means o f  v i a b l e  c o u n t i n g ,  what  d i f f e r e n c e  b e tw e e n  2 m e th o d s  
i s  t o  b e  r e g a r d e d  as  s i g n i f i c a n t ?
The f i r s t  q u e s t i o n  c a n n o t  be  a n sw ered  s a t i s f a c t o r i l y
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b e c a u s e ,  i n  s p e c im e n s  c o n t a i n i n g  few t u b e r c l e  b a c i l l i ,  i t  
i s  d o u o t f u l  w h e t h e r  t h e  v i t a l i t y  o f  t n e  o rg a n i sm s  i s  as  
g r e a t  as  t h a t  o f  o r g a n i s m s  i n  s p e c im e n s  c o n t a i n i n g  l a r g e  
numbers o f  t u b e r c l e  b a c i l l i .  However,  ev en  i f  t n i s  
t h e o r e t i c a l  c o n s i d e r a t i o n  i s  i g n o r e d ,  t n e  r e s u l t s  o f  e x p e r i m e n t  
1 ( t a b l e  55)  snow t n a t  i t  would be u n p r o f i t a b l e  t o  a t t e m p t  t o  
draw g e n e r a l  c o n c l u s i o n s  w h ich  w ould  a p p l y  u n d e r  r o u t i n e  
c o n d i t i o n s  b e c a u s e  t h e  e f f i c i e n c y  o f  any one m ethod  d i f f e r s  from 
specimen t o  s p e c i m e n .
I t  i s  w o r t h  n o t i n g  a t  t n i s  p o i n t  t n a t  t n e  u n p r e d i c t a b l e  
n a tu r e  of  t h e  l e t h a l  e f f e c t  o f  a d e c o n t a m i n a t i n g  agent,  was 
p o i n t e d  c u t  by G r i f f i t h  a s  e a r l y  as  1916 ( s e e  p .  28 o f  t h i s  
t h e s i s ) .  G r i f f i t h ,  h o w e v e r ,  c o r r e l a t e d  d i f f e r e n c e s  i n  
l e t h a l  e f f e c t  o f  a n t i f o r m i n  w i t h  t h e  " t h i c k n e s s *  o r  " t h i n n e s s *  
o f  tn e  s p e c im e n  t o  w h ic h  h i s  method was a p p l i e d ;  t h e  s p e c i m e n s  
examined i n  e x p e r i m e n t  1  were  a l l  " t h i c k "  ones - t n a t  i s ,  
p u r u l e n t  s p e c i m e n s  o f  s p u tu m .  A l th o u g h  S p e n d lo v e  e t  a l .
( see  p .  28 of  t n i s  t h e s i s )  e m p h a s i s e  t h a t  f a c t o r s  w n icn  v i o b l e  
c o u n t in g  d o e s  n o t  a s s e s s  may w e l l  a c c o u n t  f o r  d i f f e r e n c e s  
between t n e  r e s u l t s  of  s t u d i e s  w i t h  v i a b l e  c o u n t i n g  m ethods  
and t h o s e  of  s t u d i e s  w i t h  s e r i e s  o f  s p e c im e n s  of  spu tum ,  t n e y  
conc luded ,  on t h e  b a s i s  of  e x p e r i m e n t s  ( t a b l e  2 2 ) w i t h  p o o le d  
sputum from t u b e r c u l o s i s  pot l e n d s , -  t n a t  spu tum  d i d  not mini ,  . i c e
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th e  l e t h a l  e f f e c t  o f  d e c o n t a m i n a t i n g  a g e n t s .  Gray e t  a l .
( s e e  p .  28 0 f  t h i s  t h e s i s ) a l s o  m a i n t a i n  t h a t  sputum d i d  n o t  
i n f l u e n c e  t h e  l e t h a l  e f f e c t  o f  d e c o n t a m i n a t i n g  a g e n t s ;  i n  
s u p p o r t  o f  t h i s  v iew t h e y  g iv e  t h e  r e s u l t s  o f  an e x p e r i m e n t  
( t a b l e  2 4 )  i n  w h ic h  known numbers o f  a l a b o r a t o r y  s t r a i n  
of  t u b e r c l e  b a c i l l i  s u s p e n d e d  i n  p u r u l e n t  n o n - t u b e r c u l o u s  
sputum w ere  t r e a t e d  w i t h  d e c o n t a m i n a t i n g  a g e n t s .  I n  
e x p e r i m e n t  1 ( t a b l e  -55 ) I  i n v e s t i g a t e d  7 s p e c im e n s  o f  
t u b e r c u l o u s  sputum eac h  o b t a i n e d  f rom a  d i f f e r e n t  p a t i e n t .  
T h e r e f o r e ,  u n l i k e  S p e n d lo v e  e t  a l . and Gray e t  a l . I  p r o v i d e  
w o r t h - w h i l e  e v i d e n c e  i n  s u p p o r t  o f  my c o n c l u s i o n  c o n c e r n i n g  
th e  i n f l u e n c e  o f  sputum on t h e  l e t h a l  e f f e c t  o f  d e c o n t a m i n a t i n g  
a g e n t s ;  t h i s  e v i d e n c e  makes i t  c l e a r  t h a t  a l l  t h e  t u b e r c l e  
b a c i l l i  i n  one sp e c im e n  o f  sputum may s u r v i v e  t h e  a c t i o n  o f  
sodium h y d r o x i d e  ( t a b l e  5 5 ,  s p ec im e n  1 )  w h e r e a s  l e s s  t h a n  
o n e - s e v e n t h  o f  t h e  t u b e r c l e  b a c i l l i  i n  a n o t h e r  s p e c im e n  may 
s u r v i v e  ( t a b l e  5 5 ,  sp e c im e n  5 ) .  T h e r e f o r e ,  i t  m u s t  b e  
c o n c lu d e d  e i t h e r  t h a t  t u b e r c l e  b a c i l l i  d i f f e r  i n  s u s c e p t ­
i b i l i t y  t o  sod ium  h y d r o x i d e  from one s p e c im e n  t o  a n o t h e r  or  
t h a t  spu tum  may i n h i b i t  or  augment t h e  l e t h a l  e f f e c t  o f  
sodium h y d r o x i d e .
In  t h e  l i g h t  o f  t h e  above c o n s i d e r a t i o n s , t h e  
answer t o  t h e  s e c o n d  q u e s t i o n  i s  o f  r e l a t i v e l y  l i t t l e  
i m p o r t a n c e .  However ,  even  i f  t h e  l e t h a l  e f f e c t  o f  t h e
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d e c o n t a m i n a t i n g  a g e n t s  s t u d i e d  i n  e x p e r i m e n t  1  w e re  c o n s t a n t  
from s p e c i m e n  t o  sp e c im e n ,  I  t h i n k  t h a t  my v i a b l e  c o u n t i n g  
p r o c e d u r e  or  any  o t h e r  known t o  me i s  n o t  s u f f i c i e n t l y  
s e n s i t i v e  t o  ' d e m o n s t r a t e  a c l e a r  d i f f e r e n c e  i n  e f f i c i e n c y  
be tw een  t h e  s u l p h u r i c  a c i d  m ethod and t h e  sod ium  h y d r o x i d e  
method -  t h a t  i s ,  a d i f f e r e n c e  a s  c o n v i n c i n g  a s  t h a t  shown 
by t h e  P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  ( t a b l e  2 )  o r  even  
t h a t  shown i n  e x p e r i m e n t  5 ( t a b l e  6 1 ) .
Two f u r t h e r  p o i n t s  m us t  be r a i s e d  c o n c e r n i n g  t h e  
v a l i d i t y  o f  my r e s u l t s  w i t h  i g u a n t i t a t i v e  s t u d i e s .  F i r s t ,  
the  r e s u l t s  o f  e x p e r i m e n t  1 ( t a b l e  56)  and o f  e x p e r i m e n t  4 
( t a b l e  60)  show t h a t  c e n t r i f u g a t i o n  i s  an  e f f i c i e n t  means 
of c o n c e n t r a t i n g  t u b e r c l e  b a c i l l i  f rom h o m o g e n a te s  o f  spu tum ;  
t h i s  c o n c l u s i o n  h a s  b e e n  v e r i f i e d  a n d ,  i n  my O p in io n ,  
e s t a b l i s h e d  more c l e a r l y  by r e s u l t s  o b t a i n e d  i n  a s t u d y  w i t h  
a s e r i e s  o f  s p e c im e n s  o f  spu tum ( t a b l e  70)* S ec o n d ,  t h e  
r e s u l t s  o f  e x p e r i m e n t  5 ( t a b l e s  58 and 59)  s u g g e s t  t h a t  
n e u t r a l i s a t i o n  may hav e  a l e t h a l  e f f e c t  on t h e  t u b e r c l e  
b a c i l l i  p r e s e n t  i n  h o m o g en a te s  o f  sputum p r e p a r e d  by t h e  
sodium h y d r o x i d e  m e th o d .  In  r e t r o s p e c t ,  I  b e l i e v e  t h a t  t h e  
im p o r ta n c e  o f  t h e  l e t h a l  e f f e c t  of  n e u t r a l i s a t i o n  c o u l d  have  
been d e m o n s t r a t e d  much more c l e a r l y  i n  a s t u d y  w i t h  a s e r i e s  
° f  s p e c im e n s  o f  sp u tu m .
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I t  m us t  be c o n c l u d e d ,  t h e r e f o r e ,  t n a t  my e x p e r i m e n t s  
w i th  v i a b l e  c o u n t i n g  show t h a t  t h e  a d v a n t a g e s  c l a i m e d  on p .  119 
of t h i s  t h e s i s  f o r  t h i s  method o f  s t u d y i n g  d e c o n t a m i n a t i n g  
a g e n t s  a r e  l a r g e l y  t h e o r e t i c a l  and t h a t  v i a b l e  c o u n t i n g  h a s  
no p l a c e  i n  t h e  c r i t i c a l  a s s e s s m e n t  o f  m e th o d s  o f  i s o l a t i n g  
t u b e r c l e  b a c i l l i  f rom s p u tu m .  B e s u l t s  o b t a i n e d  w i t h  
aqueous s u s p e n s i o n s  o f  t u b e r c l e  b a c i l l i  ( s p e n d l o v e  e t  a l . ,
Gray e t  a l . )  or  w i t h  p o o l e d  sputum ($pendlov&  e t  a l . )  o r  
with  l a b o r a t o r y  s t r a i n s  o f  t u b e r c l e  b a c i l l i  s u s p e n d e d  i n  
p u r u l e n t  n o n - t u b e r c u l o u s  sputum (G ray  e t  a l . )  a r e  n o t  o n l y  o f  
l i t t l e  v a l u e  b u t  may l e a d  t o  e r r o n e o u s  c o n c l u s i o n s .
St u d i e s  w i t h  sp e c im e n s  o f  s p u tu m .
When m e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom spu tum  
are compared i n  a s e r i e s  of  s p e c i m e n s ,  t h e  v a l i d i t y  o f  t h e  
r e s u l t s  d e p e n d s  1 ) on t h e  s e l e c t i o n  o f  t h e  s p e c im e n s  and 2 ) 
on th e  num bers  o f  s p e c im e n s  e x am in ed .  The s t u d y  c o n d u c te d  
by th e  P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  ( p .  13 t o  15 o f
t h i s  t h e s i s ;  t a b l e  2 ) i s  a m odel  o f  t h e  c o r r e c t  p r o c e d u r e  
- t h e  s p e c i m e n s  were p r o p e r l y  s e l e c t e d  and l a r g e  numbers  o f  
specimens w ere  e x a m in e d .
S e le c t io n  o f  s p e c i m e n s . The specimens u sed  f o r  th e  com parisons
made i n  e x p e r im e n t s  5 ,  9,  1 0 ,  1 1 ,  1 2 ,  13 and 14  were s e l e c t e d  
VQry  c a r e f u l l y  -  t h e y  were o b ta in ed  from known case© o f
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pulmonary  t u b e r c u l o s i s  and w ere  n e g a t i v e  f o r  a c i d - f a s t  
b a c i l l i  by  d i r e c t  m i c r o s c o p y .  M o re o v e r ,  i n  some o f  t h e  
e x p e r im e n t s  ( 5 ,  9 ,  1 2 ,  13 and 1 4 ) ,  r e p l i c a t e  s p e c im e n s  f rom  
a r e l a t i v e l y  s m a l l  number  o f  p a t i e n t s  w ere  u s e d  i n s t e a d  o f  a 
l a r g e r  s e r i e s  o f  s p e c i m e n s ,  e a c h  o b t a i n e d  f rom a d i f f e r e n t  
p a t i e n t .  A c h e s t - p h y s i c i a n  a t t a c h e s  l i t t l e  i m p o r t a n c e  t o  
a n e g a t i v e  r e s u l t  f rom a s i n g l e  sp ec im en  o f . s p u t u m ;  t h e r e f o r e ,  
a n e g a t i v e  r e p o r t  on a s i n g l e  sp e c im e n  u s u a l l y  l e a d s  t o  t h e  
subm iss ion  o f  2 o r  more  f u r t h e r  s p e c im e n s  f rom t h e  same p a t i e n t . 
A cco rd in g ly ,  r o u t i n e  c l i n i c a l  and l a b o r a t o r y  p r a c t i c e  i s  
fo llowed v e r y  c l o s e l y  by  e x a m in in g  r e p l i c a t e  s p e c im e n s  f rom 
p a t i e n t s  whose spu tum  i s  n e g a t i v e  by  m i c r o s c o p y  f o r  a c i d - f a s t  
b a c i l l i .  I  b e l i e v e ,  t h e r e f o r e ,  t h a t  I  h a v e  c h o s e n  f o r  my 
c r i t i c a l  c o m p a r i s o n s  t h e  m a t e r i a l  m os t  l i k e l y  t o  g i v e  a t r u e  
e s t im a te  o f  t h e  e f f i c i e n c y  o f  a g i v e n  method u n d e r  t h e  c o n d i t i o n s  
in which  t h e  m ethod  would n o r m a l l y  be a p p l i e d .
Humber o f  s p e c i m e n s . The numbers o f  s p e c im e n s  (1 2 0  t o  150)  
used i n  my c r i t i c a l  c o m p a r i s o n s  were s m a l l  compared  w i t h  t h o s e  
used by t h e  P u b l i c  H e a l t h  L a b o r a t o r y  s e r v i c e  ( f o r  e a c h  c o m p a r i s o n  
app ro x im a te ly  1 , 2 0 0  e x a m i n a t i o n s  w ere  made of  spu tum  n e g a t i v e  
by m ic ro s c o p y  f o r  a c i d - f a s t  b a c i l l i ) .  a s  a l r e a d y  s t a t e d  on 
P*8b o f  t h i s  t h e s i s ,  I  c o u l d  n o t  examine  o r  ev en  o b t a i n  numbers  
° f ' t h e  c o r r e c t  t y p e  o f  sp ec im e n  as  l a r g e  as  t h o s e  exam ined  i n  
the P u b l i c  H e a l t h  L a b o r a t o r y  s e r v i c e  t r i a l  f o r  w h ic h  t h e  
resources  o f  12  l a b o r a t o r i e s  w ere  a v a i l a b l e .
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The v a l u e  o f  r e p l i c a t i o n * D e s p i t e  t h e  f a c t  t h a t  I  e o u l d  
examine o n l y  r e l a t i v e l y  s m a l l  numbers  o f  s p e c i m e n s ,  I  m u s t  
emphasise  t h a t  I  d i d  s u c c e e d  i n  show ing  i m p o r t a n t  d i f f e r e n c e s  
between m e th o d s*  The s m a l l e s t  d i f f e r e n c e  w h ic h  I  
in  a c r i t i c a l  c o m p a r i s o n  o f  2 m ethods  i s  t h a t  &emons.t>r4 t e d  i n  
e x p e r im e n t  5 -  a c o m p a r i s o n  o f  t h e  e f f i c i e n c y  o f  t h e  so d iu m
h y d r o x id e  m ethod  w i t h  t h a t  o f  a m o d i f i e d  s u l p h u r i c  a b i d  m ethod*  
N e v e r t h e l e s s ,  t h e  r e s u l t s  of  e x p e r i m e n t  5 show c l e a r l y  t h e  
value o f  e x a m i n i n g  r e p l i c a t e  s p e c im e n s  o f  s p u tu m .  T a b le  62 
s u g g e s t s  t h a t ,  on t h e  b a s i s  o f  t h e  numbers  o f  p o s i t i v e  r e s u l t s  
y i e l d e d  by e a c h  m ethod  f rom 1 2 0  s p e c i m e n s  o f  s p u tu m ,  t h e r e  i s  
no s i g n i f i c a n t  d i f f e r e n c e  b e tw e en  t h e  2 m e th o d s*  On t h e  
o ther  h a n d ,  on t h e  b a s i s  o f  t h e  numbers  o f  p o s i t i v e  r e s u l t s  
o b ta in ed  f rom t h e  40 p a t i e n t s  from whom t h e  s p e c im e n s  w e r e  
o b ta in ed  t a b l e  61 shows t h a t  t h e  sodium h y d r o x i d e  method  
y i e l d e d  a  p o s i t i v e  r e s u l t  i n  3 p a t i e n t s  i n  whom a n e g a t i v e  
r e s u l t  was o b t a i n e d  by t h e  s u l p h u r i c  a c i d  m ethod  w h e r e a s  t h e  
s u l p h u r i c  a c i d  method f a i l e d  t o  y i e l d  a p o s i t i v e  r e s u l t  i n  
any p a t i e n t  i n  whom a n e g a t i v e  r e s u l t  was o b t a i n e d  by  t h e  
sodium h y d r o x i d e  method* I n  any  one of  t h e s e  40  p a t i e n t s  
the f o l l o w i n g  c l i n i c a l  p r o b le m s  m i g h t  a r i s e ;  i s  t h i s  p a t i e n t ' s  
minimal l e s i o n  a t u b e r c u l o u s  one? i s  t h i s  p a t i e n t ’ s 
t u b e r c u l o u s  l e s i o n  a c t i v e ?  i s  t h i s  p a t i e n t  i n f e c t i v e ?  i f  
^his p a t i e n t  r e t u r n s  t o  f u l l  employment w i l l  h i s  l e s i o n  b r e a k  
down? h a s  t h i s  p a t i e n t  r e c e i v e d  t h e  maximum b e n e f i t  o f
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ch em o th e rap y ?  i s  t h e r e  an i n d i c a t i o n  f o r  s u r g e r y  i n  t n i s  
p a t i e n t  an d ,  i f  s o ,  when s h o u ld  s u r g i c a l  t r e a t m e n t  be  
u n d e r t a k e n ?  The a n sw ers  t o  t h e s e  p ro b le m s  d e p e n d ,  a t  
l e a s t  t o  an i m p o r t a n t  d e g r e e ,  on w h e t h e r  t u b e r c l e  b a c i l l i  
can be d e m o n s t r a t e d  i n  t h e  p a t i e n t ' s  sputum and t n e  r e s u l t s  
shown i n  t a b l e  61 i n d i c a t e  t h a t ,  i f  tne s u l p h u r i c  a c i d  
metnod had been u s e d  a l o n e ,  t h e  wrong a n s w e r  m i g h t  h a v e  been 
g iven  i n  3 p a t i e n t s  even  a f t e r  r e p e a t e d  e x a m i n a t i o n  o f  t n e  
s p u tu m .
Tne v a l u e  of  p r o p e r  s e l e c t i o n o f  s p e c i m e n s . A par t  f rom t h e  
use  o r  r e p l i c a t e  s p e c im e n s  -  an a p p r o a c h  t o  t h e  a s s e s s m e n t  
o f  t h e  e f f i c i e n c y  of  d e c o n t a m i n a t i n g  p r o c e d u r e s  d e s c r i b e d  
f o r  t n e  f i r s t  t i m e ( o fHea (1957 j) -  I  have  a l s o  shown 
t n a t  t h e  p r o p e r  s e l e c t i o n  o f  s p e c im e n s  as  recommended by 
the  P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e  ( s e e  p .  13 o f  t n i s  
t n e s i s j  may y i e l d  i m p o r t a n t  i n f o r m a t i o n  even w i t h  v e r y  few 
s p e c i m e n s .  Tne r e s u l t s  o f  e x p e r i m e n t  1C* ( t a b l e  70) 
show t h a t  c e n t r i f u g a t i o n  may n o t  be  o m i t t e d  from t h e  sod ium  
h y d r o x id e  m ethod  w i t h o u t  s e r i o u s  im p a i rm e n t  o f  t h e  e f f i c i e n c y  
of  t h e  m e th o d ;  o n ly  74 sp ec im e n s  o f  sputum w-ere examined  
in t n i s  e x p e r i m e n t ,  b u t  t h e y  w e re  s p e c im e n s  l i k e l y  t o  
c o n t a i n  o n ly  v e r y  s m a l l  numbers  o f  t u b e r c l e  b a c i l l i .  Th is  
r e s u l t  c o n t r a d i c t s  t h o s e  of  H l e i n  e t  a l .  ( p .  49 of  t n i s  
t h e s i s )  and t h o s e  o f  H a ta  e t  a l .  ( p .  48 of  t n i s  t h e s i s ;  
t a b l e  4 8 ) .  These a u t h o r s  s u g g e s t  t h a t  c e n t r i f u g a t i o n
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c o n t r i b u t e s  l i t t l e  t o  t n e  e f f i c i e n c y  of  t n e  sodium h y d r o x i d e  
method b u t  t h e i r  o b s e r v a t i o n s  w ere  n o t  made on s p e c im e n s  
c o n t a i n i n g  o n ly  s m a l l  numbers  o f  t u b e r c l e  b a c i l l i ;  I  m u s t  
e m p h a s i s e  t h a t  i f  I  had  examined s p e c i m e n s  o f  t n e  wrong 
t y p e  -  even  7 , 4 0 0  o f  them - I ,  t o o ,  would nave  b e en  l e d  t o  
t h e  same e r r o n e o u s  c o n c l u s i o n .
I  h a v e  no h e s i t a t i o n ,  t h e r e f o r e ,  i n  c l a i m i n g  t h a t ,  
on t h e  b a s i s  o f  t h e  s p e c im e n s  s e l e c t e d  and o f  t h e  num bers  
o f  s p e c im e n s  e x a m in e d .  My p r o c e d u r e  f o r  e x p e r i m e n t s  5 ,  8 ,
10 ,  1 1 ,  1 2 , 1 2  and 14 was t h e  c o r r e c t  one f o r  t n e  c i r c u m s t a n c e  
in  w n i c h  t h e s e  e x p e r i m e n t s  were  c a r r i e d  o u t .  Com par ison  o f  
t h e  m a t e r i a l  u sed  i n  t h e s e  e x p e r i m e n t s  w i t h  t h e  m a t e r i a l  
used  by o t h e r  w o r k e r s  maxes i t  c l e a r  1 ) t h a t ,  i f  t h e y  had. 
s e l e c t e d  t n e i r  m a t e r i a l  c o r r e c t l y ,  t h e i r  r e s u l t s  would have 
y i e l d e d  much more v a l u a b l e  i n f o r m a t i o n  and 2 ) t h a t  t h e  
c a r e f u l  s e l e c t i o n  o f  sp ec im e n s  i s  much more i m p o r t a n t  tn a n  
t h e  a c c u m u l a t i o n  o f  i m p r e s s i v e  numbers  o f  s p e c i m e n s -  l o r  
e xam ple ,  B a k e r  ( t a b l e  5 ) ,  S t a r k e y  and A u b e r t  ( t a b l e  6 ) ,- 
Grern e z - H i e u x  e t  a l . ( t a b l e  15) ana Van Yran'ken ( t a b l e  18)  
a t t e m p t  t o  compare m e thods  d e s p i t e  t h e  f a c t  t n a t  each  metnod 
was a p p l i e d  t o  a d i f f e r e n t  s e r i e s  o f  s p e c i m e n s ;  Byham ( t a b l e  
5 ) ,  Griff  ord e t  a l  - ( t a b l e  7 ) ,  P e i z e r  e t  a l . ( t a b l e  8 ),
M a c f s r l a n e  e t  a l . ( t a b l e s  12 and l a ) ,  Madsen ( t a b l e  1 6 ) ,
-Beat t ie ( t a b l e  1 9 ) ,  Ti son  and Loze ( t a b l e  2 ? ) ,  Tison ( t a b l e  2 8 ) ,
f i s o n  and £ u d r i n  ( t a b l e  2 9 ) ,  Saxholm ( t a b l e s  3 0 ,  3 1 ,  3 2 ,  33 
and 3 4 ) ,  L in d  ( t a b l e  3 5 )  and  P a t t e r s o n  e t  a l *  ( t a b l e s  36 and  
27) a l l  f a i l  t o  d e m o n s t r a t e  c l e a r l y  w h e t h e r  t h e  m e th o d s  t h e y  
examined a r e  s u i t a b l e  f o r  s p e c im e n s  l i k e l y  t o  c o n t a i n  o n l y  
small num bers  o f  t u b e r c l e  b a c i l l i .
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INffQBMATIOH YIELDED BY TEE SXPEHIMSNTS
S t u d i e s  w i t h  v i a b l e  c o u n t s *
The f u n d a m e n t a l  f a c t  e s t a b l i s h e d  by t h e s e  s t u d i e s  
i s  t h i s :  v i a b l e  c o u n t i n g  i s  o f  l i t t l e  v a l u e  f o r  a s s e s s i n g
th e  e f f i c i e n c y  o f  m ethods  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  
from spu tum  ( s e e  ab o v e  pages  176 t o  1 8 0  o f  t h i s  t h e s i s ) *  
T h e r e f o r e ,  t h e r e  i s  no p o i n t  i n  d i s c u s s i n g  f u r t h e r  t h e  
d i f f e r e n c e s ,  b e tw e e n  my r e s u l t s  and t h o s e  o f  S p e n d lo v e  e t  a l * 
(see p .  25 o f  t h i s  t h e s i s )  o r  t h o s e  o f  Gray e t  a l * ( s e e  p .  26 
of t h i s  t h e s i s  ) .
S t u d i e s  w i t h  s e r i e s  o f  sp e c im e n s  o f  s p u tu m .
I  h av e  b e e n  a b l e  t o  e s t a b l i s h  t h e  f o l l o w i n g  p o i n t s : -
1) The so d iu m  h y d r o x i d e  method i s  more e f f i c i e n t  t h a n  t h e  
s u l p h u r i c  a c i d  m ethod  ( e x p e r i m e n t  5; t a b l e  61)*  Th is  
r e s u l t  a g r e e s  w i t h  t h a t  o b t a i n e d  by t h e  P u b l i c  H e a l t h  
l a b o r a t o r y  S e r v i c e  ( t a b l e  2 ) .
2) C o n c e n t r a t i o n  by c e n t r i f u g a t i o n  i s  o f  v i t a l  i m p o r t a n c e
to t h e  e f f i c i e n c y  o f  t h e  sodium h y d r o x i d e  m ethod ( e x p e r i m e n t  
10, t a b l e  7 0 ) -  T h is  c o n c l u s i o n  i s  t h e  o p p o s i t e  o f  t h a t  
reached by  K l e i n  e t  a l * ( s e e  p .  49 o f  t h i s  t h e s i s )  and t h a t  
reached b y  H a ta  e t  a l * ( t a b l e  48 ) .  p o r  t h e  r e a s o n  s t a t e d  
above on p .  184 o f  t h i s  t h e s i s ,  I  b e l i e v e  t h a t  my c o n c l u s i o n  
rs t h e  c o r r e c t  o n e .
5 ) N a s s a u fs swab m ethod  i s  h i g h l y  e f f i c i e n t  i n  t h e  i s o l a t i o n  
o f  t u b e r c l e  b a c i l l i  from sputum  w h ic h  c o n t a i n s  numerous 
t u b e r c l e  b a c i l l i  ( e x p e r i m e n t  1 2 ,  t a b l e  7 4 ) .  I  m us t  
e m p h a s i s e  t h e  i m p o r t a n c e  of  t h i s  f i n d i n g .  The h a n d l i n g  
of  s p e c i m e n s  o f  sputum c o n t a i n i n g  l a r g e  numbers  o f  t u b e r c l e  
b a c i l l i  by p r o c e d u r e s  i n v o l v i n g  s h a k i n g  or  c e n t r i f u g a t i o n  
i s  an i m p o r t a n t .s o u r c e  o f  l a b o r a t o r y  i n f e c t i o n  ( s e e  p a g e s  5 7  
t o  59  o f  t h i s  t h e s i s ) .  N as sa u * s  swab m ethod  i s  s a f e  and 
s im p le  b e c a u s e  i t  d o e s  n o t  i n v o l v e  h o m o g e n i s a t i o n  o r  
c e n t r i f u g a t i o n ;  i t  i s  e f f i c i e n t  f o r  s p e c im e n s  c o n t a i n i n g  
l a r g e  num bers  o f  t u b e r c l e  b a c i l l i #  T h e r e f o r e ,  t h e  s e r i o u s  
r i s k  i n  t h e  i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  can be  g r e a t l y  
r e d u c e d  b e c a u s e  s p e c im e n s  c o n t a i n i n g  numerous a c i d “f a s t  
b a c i l l i  need  no l o n g e r  be c u l t u r e d  by t h e  d a n g e r o u s  s t a n d a r d  
methods#
4) M ethods  d e s i g n e d  t o  e l i m i n a t e  c e n t r i f u g a t i o n  a r e  n o t  
e f f i c i e n t  e n o u g h  f o r  r o u t i n e  u s e  i n  t h e  i s o l a t i o n  o f  
t u b e r c l e  b a c i l l i  from sp e c im e n s  c o n t a i n i n g  v e r y  few t u b e r c l e  
b a c i l l i  ( e x p e r i m e n t  1 1 ,  t a b l e s  72 and 75; e x p e r i m e n t  1 2 ,  
t a b l e s  76, 78 and  79; e x p e r i m e n t  1 5 ,  t a b l e s  80 and 81; 
e x p e r i m e n t  1 4 ,  t a b l e s  86  and 8 7 ) .  S pec im ens  l i k e l y  t o  
c o n t a i n  v e r y  few t u b e r c l e  b a c i l l i  a r e  t h e  m ost  i m p o r t a n t  
spec im ens  d e a l t  w i t h  i n  t h e  r o u t i n e  l a b o r a t o r y  i n v e s t i g a t i o n  
of t u b e r c u l o s i s  ( s e e  above p * i b 2 ° f  t h i s  t h e s i s )  and i t  i s
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t h e r e f o r e  n e c e s s a r y  t o  t r e a t  t h e s e  s p e c im e n s  b y  t h e  m o s t  
e f f i c i e n t  m e thod  a v a i l a b l e  a t  p r e s e n t  -  t h e  sod ium  
h y d r o x id e  m e t h o d .
5) The c o n t a m i n a t i o n  r a t e s  r e p o r t e d  i n  my e x p e r i m e n t s  f o r  
the  sod ium  h y d r o x i d e  method a r e  h i g h .  I f  c o n t a m i n a t i o n  
i s  a s s e s s e d  by t h e  p e r c e n t a g e  o f  s p e c im e n s  i n  w h ic h  a 
p o s i t i v e  o r  n e g a t i v e  r e s u l t  o f  c u l t u r e  was n o t  a v a i l a b l e  
because  o f  c o n t a m i n a t i o n  o f  a l l  t h e  m e d ia  i n o c u l a t e d  f rom  
a g i v e n  s p e c i m e n ,  t h e  r a t e s  r a n g e  from 1 0  p e r  c e n t ,  
( e x p e r i m e n t  IB ,  t a b l e  77)  t o  1 5 . 6  p e r  c e n t ,  ( e x p e r i m e n t  9, 
t a b l e  6 9 ) .  These  r a t e s  compare u n f a v o u r a b l y  w i t h  t h o s e  
r e p o r t e d  f o r  o t h e r  m e th o d s  exam ined  i n  my e x p e r i m e n t s :  f o r  
example,  1 . 7  p e r  c e n t ,  f o r  t h e  s u l p h u r i c  a c i d  m ethod  
( e x p e r im e n t  5 ,  t a b l e  6 5 ) ,  2 . 5  p e r  c e n t  f o r  N a s s a u ^  swab 
method ( e x p e r i m e n t  1 2 ,  t a b l e  7 7 ) ,  1 . 4  p e r  c e n t ,  f o r  t h e  
l a r y n g e a l  swab m ethod  ( e x p e r i m e n t  15 ,  t a b l e  82 )  and n i l  
f o r  t h e  sod ium  h y d r o x i d e - t e e p o l  m ethod  ( e x p e r i m e n t  9, t a b l e  
69) .  B e c a u se  i t  f a i l e d  t o  c o n t r o l  c o n t a m i n a t i o n  s a t i s f a c t ­
o r i l y ,  t h e  sod ium  h y d r o x i d e  method  had  few er  c h a n c e s  o f  
y i e l d i n g  p o s i t i v e  r e s u l t s  i n  t h e s e  e x p e r i m e n t s ;  n e v e r t h e l e s s  
i t  was more e f f i c i e n t  f o r  t h e  i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  
than t h e  o t h e r  m e th o d s  m e n t io n e d  a b o v e .
My c o n t a m i n a t i o n  r a t e s  w i t h  t h e  sodium h y d r o x i d e  
method ( l o  p e r  c e n t ,  t o  1 5 .6  p e r  c e n t . )  a r e  a l s o  v e r y  much
1 8  9
h i g h e r  tJ ian t h o s e  r e p o r t e d  f o r  t h i s  method  b y  t h e  p u b l i c  
H e a l th  L a b o r a t o r y  S e r v i c e  ( 4 . 9  p e r  c e n t . ,  t a b l e  2 ) ,
G i f f o r d  e t  a l . (1*02  p e r  c e n t . ,  t a b l e  7 ) ,  P e i z e r  e t  a l .
( 2 .4  p e r  c e n t . ,  t a b l e  8 ) ,  T i s o n  and Loze ( 3 . 2  p e r  c e n t . ,  
t a b l e  2 7 )  and Saxholm ( 1 .2  p e r  c e n t . ,  t a b l e  32 ;  1 . 1  p e r
c e n t . ,  t a b l e  3 3 ) ;  on t h e  o t h e r  hand t h e y  a r e  o f  t h e  same 
o rd e r  o f  m a g n i t u d e  as  t h o s e  r e p o r t e d  by M u l la h y  ( 8  p e r  c e n t . ,  
t a b l e  4 ) ,  Madsen ( 1 6 .9  p e r  c e n t . ,  t a b l e  1 6 ) ,  Saxholm (15 p e r  
c e n t . ,  t a b l e  30;  1 7 . 3  p e r  c e n t . ,  t a b l e  3 1 ) ,  L in d  ( 9 . 7  p e r  
c e n t . ,  t a b l e  3 5 )  and P a t t e r s o n  e t  a l . ( 1 3 . 7  p e r  c e n t . ,  t a b l e  
36); and t h e y  a r e  l o w e r  t h a n  t h a t  r e p o r t e d  by G o r p e r  and 
Gohn (52 p e r  c e n t . ,  p .  22 o f  t h i s  t h e s i s ) .
T hese  d i f f e r e n c e s  b e tw een  my c o n t a m i n a t i o n  r a t e  w i t h  
th e  sod ium  h y d r o x i d e  m ethod  and t h a t  r e p o r t e d  by  t h e  P u b l i c  
H e a l th  L a b o r a t o r y  S e r v i c e  m i g h t  b e  e x p l a i n e d  as  f o l l o w s .  I  
i n o c u l a t e d  2 s l o p e s  o f  L f l w e n s t e i n - J e n s e n  medium from e a c h  
specimen i n v e s t i g a t e d  w h e re a s  i n  t h e  t r i a l  c o n d u c t e d  by  t h e  
P u b l i c  H e a l t h  L a b o r a t o r y  S e r v i c e ,  6 s l o p e s  w ere  i n o c u l a t e d  
from e a c h  s p e c im e n ;  i t  i s  p r o b a b l e  t h a t  i f  t h e  in o c u lu m  i s  
sp read  o v e r  a r e l a t i v e l y  l a r g e  number o f  s l o p e s  o f  L b w e n s t e i n -  
Jensen medium,  t h e  s m a l l  amount o f  m a l a c h i t e  g r e e n  i n  e a c h  
s lope h a s  f e w e r  c o n t a m i n a n t s  t o  d e a l  w i t h  and t h e  g e n e r a l  
c o n t r o l  o f  c o n t a m i n a t i o n  by t h e  medium i s  t h e r e f o r e  more 
ef f i c i e n t  when 6 s l o p e s  a r e  i n o c u l a t e d  f rom e a c h  s p e c im e n
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i n s t e a d  o f  2 • I  am u n a b l e  t o  p r o v i d e  a s a t i s f a c t o r y  
e x p l a n a t i o n  f o r  d i f f e r e n c e s  i n  t h e  c o n t a m i n a t i o n  r a t e s  f o r  
the sod ium  h y d r o x i d e  method  i n  my e x p e r i m e n t s  and t h o s e  
o i t e d  b y  o t h e r  w o r k e r s  ( s e e  above p .  189 o f  t h i s  t h e s i s ) .
I t  m ig h t  be t h o u g h t  t h a t  I  s h o u ld  have  a t t e m p t e d  t o  
ach iev e  b e t t e r  c o n t r o l  o f  c o n t a m i n a t i o n  w i t h  t h e  sod ium 
h y d ro x id e  m e thod  by i n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  sod ium  
hy d ro x id e  o r  b y  i n c r e a s i n g  t h e  d u r a t i o n  o f  t r e a t m e n t .  The re  
are 3 r e a s o n s  why t h i s  was not  d o n e .  F i r s t ,  an  i n c r e a s e d  
c o n c e n t r a t i o n  o f  sod ium h y d r o x i d e  o r  a l o n g e r  p e r i o d  o f  
t r e a t m e n t  m i g h t  w e l l  have  r e d u c e d  n o t  o n ly  t h e  c o n t a m i n a t i o n  
r a t e  b u t  t h e  e f f i c i e n c y  w i t h  w h ich  t u b e r c l e  b a c i l l i  w e re  
i s o l a t e d .  S e c o n d ,  t h e  sod ium  h y d r o x i d e  m eth o d  w h ic h  I  h a v e  
used i s  more  e f f i c i e n t  t h a n  any o t h e r  m ethod  I  h a v e  exam ined  
- even t h o s e  w h ic h  g i v e  more s a t i s f a c t o r y  c o n t r o l  o f  
c o n t a m in a t io n ;  t h e r e f o r e ,  i t  seemed u n n e c e s s a r y  f o r  t h e  
purposes  o f  my e x p e r i m e n t s  t o  d e v o t e  t i m e  and l a b o u r  t o  
improvement o f  t h e  c o n t r o l  o f  c o n t a m i n a t i o n  by  t h i s  m e t h o d .  
Third,  t h e  h i g h  c o n t a m i n a t i o n  r a t e s  f o r  t h e  sodium h y d r o x i d e  
method i n  e x p e r i m e n t s  5 ,  9 ,  12 ,  13 and 14 a r e  r e l a t i v e l y  
un im p o r tan t  b e c a u s e  r e p l i c a t e  s p e c im e n s  w ere  exam ined  f rom  
each p a t i e n t  and t h e r e f o r e  i t  was p o s s i h l e  t o  o b t a i n  f rom
each p a t i e n t  a s a t i s f a c t o r i l y  l a r g e  number  o f  r e s u l t s  w h ic h  
were n o t  i n f l u e n c e d  b y  c o n t a m i n a t i o n .
UNSATISFACTORY EXPERIMENTS
S t u d i e s  w i t h  t h e  t u b e r c l e  b a c i l l u s  a r e  c a r r i e d  o u t  
u n d e r  d i f f i c u l t i e s  n o t  e n c o u n t e r e d  i n  s t u d i e s  w i t h  o t h e r  
m i c r o - o r g a n i s m s .  T h e r e f o r e ,  c r i t i c i s m  o f  t h e  e x p e r i m e n t s  
d e s c r i b e d  i n  t h i s  t h e s i s  s h o u l d  be made i n  t h e  l i g h t  o f  
t h e s e  d i f f i c u l t i e s *
F i r s t ,  t u b e r c l e  b a c i l l i  grow more s l o w l y  t h a n  o t h e r  
m i c r o - o r g a n i s m s .  Even w i t h  s t r a i n s  w h ich  h a v e  b e e n  m a i n t a i n e d  
on a r t i f i c i a l  m e d i a ,  m a c r o s c o p i c  g ro w th  r a r e l y  a p p e a r s  on 
s o l i d  m e d ia  i n  l e s s  t h a n  7 d a y s ;  w i t h  s t r a i n s  w h i c h  a r e  
b e in g  i s o l a t e d  f o r  t h e  f i r s t  t im e  from s p e c im e n s  o f  sp u tu m ,  
growth i s  r a r e l y  d e t e c t e d  on s o l i d  m e d ia  i n  l e s s  t h a n  1 0  d a y s  
and i f  o n l y  a few t u b e r c l e  b a c i l l i  a r e  p r e s e n t ,  g ro w th  may 
not be  d e t e c t e d  u n t i l  3 t o  8 weeks f rom t h e  t i m e  o f  i n o c u l a t i o n .
S e c o n d ,  t u b e r c l e  b a c i l l i  a r e  an  i m p o r t a n t  s o u r c e  o f  
l a b o r a t o r y  i n f e c t i o n .  T h e r e f o r e  t h e  volume o f  w ork  u n d e r ­
tak en  m u s t  be  l i m i t e d  t o  t h a t  w h ic h  can  be h a n d l e d  w i t h  t h e  
p r o p e r  c a r e ,  s k i l l  and c o n c e n t r a t i o n .
T h i r d ,  r e s u l t s  o b t a i n e d  w i t h  l a b o r a t o r y  s t r a i n s  o f  
t u b e r c l e  b a c i l l i  may n o t  be a p p l i c a b l e  t o  t u b e r c l e  b a c i l l i  
P r e s e n t  i n  s p u tu m .  Even w i t h  t u b e r c l e  b a c i l l i  p r e s e n t  i n  
sputum, r e s u l t s  o b t a i n e d  w i t h  one s p e c im e n  may d i f f e r  m a r k e d l y  
from t h o s e  o b t a i n e d  by t h e  same e x p e r i m e n t a l  p r o c e d u r e s  w i t h
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a n o t h e r  s p e c i m e n .  I t  i s  t h e r e f o r e  n e c e s s a r y  t o  u se  s e r i e s  
of. s p e c im e n s  o f  spu tum f o r  most  e x p e r i m e n t s ;  l a r g e  numbers  
o f  s p e c i m e n s  m u s t  be examined i n  o r d e r  t o  s e l e c t  a w o r t h ­
w h i l e  number  o f  t h e  c o r r e c t  t y p e  o f - s p e c i m e n .
These  c o n s i d e r a t i o n s  make i t  c l e a r  t h a t  e x p e r i m e n t s  
w i t h  t u b e r c l e  b a c i l l i  make n eav y  demands on t h e  s k i l l  and  
p a t i e n c e  o r  t h e  i n v e s t i g a t o r  b e c a u s e  .even p r e l i m i n a r y  
e x p e r i m e n t s  c a n n o t  be u n d e r t a k e n  l i g h t l y ;  f o r  t h i s  r e a s o n  
i t  i s  o f t e n  i m p r a c t i c a b l e  t o  make a w id e  p r e l i m i n a r y  s u r v e y  
of  p o s s i b l e  e x p e r i m e n t a l  a p p r o a c h e s  t o  a p ro b le m  -  t h e  
kino o f  p r e l i m i n a r y  work  w h i c h  does  a g r e a t  d e a l  t o  e n s u r e  
t n a t  an e x p e r i m e n t  w i l l  y i e l d  w o r t h w h i l e  r e s u l t s .  Th is  
e x p l a i n s  why some e x p e r i m e n t s  have  been  u n d e r ta k e n ,  i n  t h e  
ab se n c e  of  some i m p o r t a n t  p r e l i m i n a r y  i n f o r m a t i o n  and 
why c e r t a i n  e x p e r i m e n t s  g i v e  r e s u l t s  w h ich  a r e  s u g g e s t i v e  
r a t n e r  t n a n  c o n c l u s i v e .  The r e s u l t s  o f  e x p e r i m e n t s  3 ,  6 ,
7, 11 and 14 w i l l  be  d i s c u s s e d  i n  t h e  l i g h t  o f  t h e s e  c o n s i d e r -  
a t i  o n s .
Expe r i m e n t  3 .  The r e s u l t s  ox t h i s  e x p e r i m e n t  ( t a b l e s  58 and 
59) su g  g e s t  t h a t  n e u t r a l i s a t i o n  may h a v e  an i m p o r t a n t  l e t h a l  
e f f e c t  on t u b e r c l e  b a c i l l i  c o n t a i n e d  i n  sputum h o m o g e n ise d  
5y the '  sod ium  h y d r o x id e  m e th o d .  T h is  l e t h a l  e f f e c t ,  was 
observed i n  o n ly  3 o f  th e  6 n o m o g en a te s  s t u d i e d  ( t a b l e  58, 
specimen 1; t a b l e  59 ,  sp e c im e n s  5 and 6 )  and t h e r e f o r e  t h e
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i m p o r t a n c e  o f  t h e  l e t h a l  e f f e c t  c a n n o t  be a s s e s s e d  
s a t i s f a c t o r i l y .  As a l r e a d y  m e n t i o n e d  above on p .  179 ,
th e  i m p o r t a n c e  o f  t h e  l e t h a l  e f f e c t  c o u ld  p r o b a b l y  h a v e  
been a s s e s s e d  more  a c c u r a t e l y  by u s i n g  t h e  c r i t i c a l  
p ro c e d u re  d e s c r i b e d  on p .  82  o f  t h i s  t h e s i s .
E x p e r im e n t  6 . T h i s  s tu d y  o f  t h e  i n f l u e n c e  on t h e  g ro w th  
of t u b e r c l e  b a c i l l i  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  b a c t e r i o ­
s t a t i c  a g e n t s  can o n ly  be u s e d  a s  a v e r y  ro u g h  g u i d e  t o  t h e  
a c t i o n  o f  t h e s e  a g e n t s  on t u b e r c l e  b a c i l l i  c o n t a i n e d  i n  
sputum.  The r e a s o n s  f o r  t h i s  a r e  a s  f o l l o w s :  1 )  a
l a b o r a t o r y  s t r a i n  o f  t u b e r c l e  b a c i l l i  -  t h e  H27Bv s t r a i n  -  
was used^ 2 ) t h e  i n o c u lu m  was r e l a t i v e l y  l a r g e  and 3 ) t h e  
a g e n t s  w e re  n o t  t e s t e d  i n  t h e  p r e s e n c e  o f  spu tum  w h ic h  may 
have an i m p o r t a n t  e f f e c t  on t h e i r  b a c t e r i o s t a t i c  p r o p e r t i e s .
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More d e t a i l e d  s t u d y  o f  t h e s e  a g e n t s  i s  d e s i r a b l e ;  b e c a u s e  of  
the  m a g n i t u d e  o f  t h i s  t a s k  ( s e e  b e lo w ,  p .  203 0;f t h i s  t h e s i s ) ,
I  d i d  n o t  p e r s e v e r e  w i t h  t h e s e  s t u d i e s  a l t h o u g h  I  u n d e r s t o o d  
t h a t  t h e  i n f o r m a t i o n  g a i n e d  i n  t h i s  e x p e r i m e n t  would o n l y  
have a v e r y  l i m i t e d  a p p l i c a t i o n  i n  l a t e r  e x p e r i m e n t s ,  e s p e c i a l l y  
in  e x p e r i m e n t  11 ( s e e  b e lo w ,  p .  196 o f  t h i s  t h e s i s ) .
E x p e r im en t  7 . The r e s u l t s  o f  t h i s  e x p e r i m e n t  l e d  me t o  
b e l i e v e  t h a t  :3axholmf s p a n c r e a t i n - d e s o g e n  m ethod  ( s e e  p .  21  
° f  t h i s  t h e s i s  ) d i d  n o t  d e s e r v e  a c r i t i c a l  c o m p a r i s o n  w i t h
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t h e  sod ium  h y d r o x i d e  m e th o d .  T h is  c o n t r a d i c t s  t h e  o p i n i o n  
I e x p r e s s e d  i n  t h e  r e v i e w  o f  t h e  l i t e r a t u r e  ( s e e  p .  6 6  o f  
t h i s  t h e s i s ) .  I  exam ined  o n ly  6 s p e c im e n s  o f  spu tum  w i t h  
Saxholm *3 m e th o d ;  a l t h o u g h  I  o b t a i n e d  a  p o s i t i v e  r e s u l t  
w i th  e a c h  o f  t h e  6 s p e c im e n s  ( t a b l e  65 ),  g ro w th  was n o t  v e r y  
a b undan t  and t o o k  more t h a n  25 d a y s  t o  a p p e a r  ( s e e  p .  81 o f  
t h i s  t h e s i s ) .  I  m us t  e m p h a s i s e  t h a t  t h i s  i s  h a r d l y  s u f f i c i e n t  
ev id e n c e  on w h ic h  t o  condemn t h e  m ethod  as  i n e f f i c i e n t ;  I  
m e re ly  s t a t e  t h a t ,  i n  th e  l i g h t  o f  my e x p e r i e n c e  o f  t h e  method 
w i th  t h e s e  6 s p e c i m e n s ,  i t  seemed more  p r o f i t a b l e  a t  t h e . t i m e  
to  d e v o t e  t o  o t h e r  more p r o m i s i n g  m e th o d s  t h e  t im e  a v a i l a b l e  
fo r  c r i t i c a l  e x p e r i m e n t s .  My b e l i e f  t h a t  t h e  e f f i c i e n c y  o f  
Saxholmf s m ethod  i s  u n l i k e l y  t o  compare f a v o u r a b l y  w i t h  t h a t  
of t h e  sod ium  h y d r o x i d e  method i s  s t r e n g t h e n e d  by t h e  r e s u l t s  
of l a t e r  e x p e r i m e n t s .  I n  e x p e r i m e n t  10 w i t h  t h e  sod ium  
h y d ro x id e  m ethod  i t  was found  t h a t ,  i n  s p e c im e n s  c o n t a i n i n g  
few t u b e r c l e  b a c i l l i ,  t h e  c u l t u r e  o f  a s m a l l  p o r t i o n  o f  
homogenate y i e l d e d  many few er  p o s i t i v e  r e s u l t s  t h a n  c u l t u r e  
of t h e  d e p o s i t  o b t a i n e d  by c e n t r i f u g i n g  t h e  whole  hom ogena te  
( t a b l e  7 0 ) .  I n  S a x h o lm 1s method t h e  hom ogenate  i s  n o t  
c o n c e n t r a t e d  by  c e n t r i f u g a t i o n  and o n l y  a s m a l l  p o r t i o n  o f  
the hom ogena te  i s  c u l t u r e d  (4 d r o p s  f rom a p a s t e u r  p i p e t t e  on 
each o f  4 s l o p e s  o f  L o w e n s t e i n - J e n s e n  m edium ).  In  a d d i t i o n ,  
exper im en t  1 2  shows t h a t ,  w i t h  sp ec im e n s  c o n t a i n i n g  few t u b e r c l e
b a c i l l i ,  c u l t u r e  o f  a s m a l l  p o r t i o n  o f  sputum c o l l e c t e d  on 
a c o t t o n - w o o l  swat) y i e l d s  s i g n i f i c a n t l y  f e w e r  p o s i t i v e  r e s u l t s  
than  c u l t u r e  o f  a c o n c e n t r a t e  p r e p a r e d  by  t h e  so d iu m  h y d r o x i d e  
method ( t a b l e - 7 8 ) .  I t  i s  u n f o r t u n a t e  t h a t  t h e  r e s u l t s  o f  
Saxholm ( t a b l e s  3 0 ,  3 1 ,  32 ,  33 and 3 4 ) ,  t h o s e  o f  L in d  ( t a b l e  3 5 ) 
and t h o s e  o f  e x p e r i m e n t  7 ( t a b l e  65)) do n o t  p r o v i d e  t h e  
ev id en c e  r e q u i r e d  f o r  a f i n a l  a s s e s s m e n t  o f  t h e  e f f i c i e n c y  
of t h e  p a n c r e a t i n - d e s o g e n  m e th o d .  I n  t h e  l i g h t  o f  t h e  
c o n s i d e r a t i o n s  s e t  o u t  above on p .  192 o f  t h i s  t h e s i s  i t  i s  
to  be e x p e c t e d  t h a t  t h e  d e c i s i o n  n o t  t o  t e s t  a m ethod  
c r i t i c a l l y  m ig h t  be r e g r e t t e d .  T h i s  i s  p a r t i c u l a r l y  t h e  
case w i t h  my e x a m i n a t i o n  o f  S a x h o l m 's  method b e c a u s e  a l l  t h e  
methods ju d g e d  t o  be more w o r th y  o f  c r i t i c a l  e x a m i n a t i o n  t h a n  
Saxholm’s m ethod  p r o v e d  t o  be l e s s  e f f i c i e n t  t h a n  t h e  sod ium  
h y d ro x id e  method -  t h e  sodium h y d r o x i d e - t e e p o l  m ethod  
( e x p e r im e n t  9,  t a b l e s  67 and 6 8 ),  N a s s a u ' s  swab m ethod  
(e x p e r im e n t  1 2 ,  t a b l e s  78 and 7 9 ) ,  t h e  l a r y n g e a l  swab m ethod  
(e x p e r im e n t  1 3 ,  t a b l e s  80 and 81 )  and a m o d i f i c a t i o n  o f  t h e  
method o f  P a t t e r s o n  e t  a l . ( e x p e r i m e n t  1 4 ,  t a b l e s  8 6  and 8 7 ) .  
Exper im ent  1 1 . T h i s  t r i a l  o f  t h e  f l u i d  m ed ia  EV and pp  ( s e e  
P« 74 o f  t h i s  t h e s i s )  s u g g e s t s  t h a t  f l u i d  m e d ia  a r e  o f  l i t t l e  
value  f o r  t h e  i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  f rom  s p u tu m ,  I
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have  s u g g e s t e d  on. p .  156 o f  t h i s  t h e s i s  t n a t .  t h e  m ain  r e a s o n  
f o r  t n e  p o o r  p e r f o r m a n c e  o f  t h e s e  m ed ia  i s  t h a t  t n e y  f a i l e d  
t o  c o n t r o l  t h e  g ro w th  o f  c o n t a m i n a n t s ;  even  when t h e  Ih O OLL1 u.ili 
was t r e a t e d  w i t h  sod ium  h y d r o x i d e  t n e  PP medium f a i l e d  / to  
c o n t r o l  c o n t a m i n a t i o n . The f a i l u r e  o f  t n e s e  m e d ia  m e r i t s  
f u r t h e r  c o n s i d e r a t i o n .
T h e r e  a r e  5 r e a s o n s  why c o n t r o l  o f  c o n t a m i n a t i o n  was 
p o o r .  P i r s t ,  ev en  i f  o n ly  a few o f  t n e  o r g a n i s m s  o t h e r  t-nan 
t u b e r c l e  b a c i l l i  w ere  a b l e  t o  grow i n  s p i t e  o f  t h e  b a c t e r i o ­
s t a t i c  a g e n t s  i n c o r p o r a t e d  i n  t n e  EY and PP medium, th e y  w i l l  
soon outgrow- t h e  t u b e r c l e  b a c i l l u s  i n  a f l u i d  medium and 
p r o d u c e  c o n d i t i o n s  i n  w h ich  i t  i s  u n a b l e  t o  m u l t i p l y .  S e c o n d ,  
t h e  b a c t e r i o s t a t i c  a g e n t s  and a n t i b i o t i c s  u sed  f o r  t n e  EV and 
PP m ed ia  w ere  s e l e c t e d  w i t h o u t  e x h a u s t i v e  p r e l i m i n a r y  t r i a l  
( s e e  p .  144 and p .  158 o f  t h i s  t h e s i s ) ;  t n e y  w ere  s e l e c t e d  
b e c a u s e  t n e  p r o p e r t i e s  o f  eacn a g e n t  seemed a p p r o p r i a t e  t o  a 
medium o f  t h i s  k i n d ;  m o r e o v e r ,  t n e y  were  u se d  i n  c o m b i n a t i o n  
w i t h o u t  any  t e s t s  o f  t h e i r  m u t u a l  c o m p a t i b i l i t y  and w i t n o u t  
t e s t s  t o  e x c l u d e  a p o s s i b l e  b a c t e r i o s t a t i c  a c t i o n  o f  t n e  
m i x t u r e  on t u b e r c l e  b a c i l l i .  T h i r d ,  a l t n o u g h t  a n t i b i o t i c s  
and d y e s  a r e  f r e q u e n t l y  used  f o r  t n e  s u p p r e s s i o n  o f  unwanted 
o rg a n i sm s  i n  r o u t i n e  l a b o r a t o r y  p r a c t i c e  - f o r  e x a m p le ,  i n  
t n e  i s o l a t i o n  o f  Hae m o p h i lu s  p e r t u s s i s  f rom sputum  or  t h e  
i s o l a t i o n  o f  i n t e s t i n a l , .
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p a t h o g e n s  f rom  f a e c e s  -  g ro w th  o f  c o n t a m i n a n t s  h a s  
u s u a l l y  t o  h e  s u p p r e s s e d  f o r  o n ly  a few d a y s ;  on t h e  o t h e r  
h a n d ,  on p r i m a r y  i s o l a t i o n ,  m a c r o s c o p i c  g r o w th  o f  t u b e r c l e  
b a c i l l i  w i l l  n o t  be o b t a i n e d  i n  l e s s  t h a n  1 0  d a y s  and 
c u l t u r e s  mu-st be  i n c u b a t e d  f o r  a t  l e a s t  6 weeks  b e f o r e  
b e i n g  d i s c a r d e d  as  n e g a t i v e .  The l o n g  i n c u b a t i o n  p e r i o d  
r e q u i r e d  f o r  t h e  i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  p r o d u c e s  2 
a d d i t i o n a l  d i f f i c u l t i e s  i n  t h e  c o n t r o l  o f  c o n t a m i n a t i o n :  
f i r s t ,  c o n t a m i n a n t s  whose g ro w th  i s  n o t  c o m p l e t e l y  s u p p r e s s e d  
have a good o p p o r t u n i t y  t o  s p o i l  t h e  medium and  s e c o n d ,  t h e  
a c t i o n  o f  u n s t a b l e  b a c t e r i o s t a t i c  a g e n t s  l i k e  a n t i b i o t i c s  
d e c r e a s e s  d u r i n g  t h e  i n c u b a t i o n  p e r i o d .  p u r t h e r ,  i n  
s p e c im e n s  c o n t a i n i n g  few t u b e r c l e  b a c i l l i ,  c o n t a m i n a n t s  a r e  
u s u a l l y  p r e s e n t  i n  o v e rw h e lm in g  numbers  and t h i s  i n c r e a s e s  
t h e  ch an c e  t h a t  t n e  in o c u lu m  w i l l  c o n t a i n  o r g a n i s m s  w h ic h  
a r e  n a t u r a l l y  r e s i s t a n t  t o  a n t i b i o t i c s .
E x p e r im e n t  1 4 . T h i s  e x p e r i m e n t  i l l u s t r a t e s  t h e  need  f o r  
p a t i e n c e  i n  e x a m in in g  m ethods  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  
from s p u tu m .  I  w i s h e d  t o  examine  t h e  m ethod  d e s c r i b e d  by 
P a t t e r s o n  e t  a l » ( s e e  p .  52 o f  t h i s  t h e s i s )  -  a m ethod  
w h ich  h a s  no a d v a n t a g e  i n  s i m p l i c i t y  o r  s a f e t y  o v e r  t h e  
sodium h y d r o x i d e  method b e c a u s e  i t  i n v o l v e s  e x a c t l y  t h e  
same u s e  o f  t h e  c e n t r i f u g e  a s  t h e  sod ium  h y d r o x i d e  m e th o d .  
N e v e r t h e l e s s  t h e  r e s u l t s  o f  P a t t e r s o n  e t  a l . s u g g e s t  t h a t
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t h e  m ethod i s  more e f f i c i e n t  t h a n  t h e  sod ium  h y d r o x i d e  
m ethod  ( t a b l e  36 ) .  ^ p r e l i m i n a r y  t r i a l  o f  a s i m p l e
m ethod  o f  c o n c e n t r a t i n g  t u b e r c l e  b a c i l l i  b y  means o f  
b a r iu m  s u l p h a t e  s e d i m e n t a t i o n  ( s e e  p . 169 o f  t h i s  t h e s i s )  
gave p r o m i s i n g  r e s u l t s  w i t h  h o m o g en a te s  p r e p a r e d  by t h e  
sod ium  h y d r o x i d e  method ( t a b l e s  83 and 8 4 ) .  T h e r e f o r e  I  
m o d i f i e d  t h e  method  o f  P a t t e r s o n  e t  a l . by  s u b s t i t u t i n g  
b a r i u m  s u l p h a t e  s e d i m e n t a t i o n  f o r  c e n t r i f u g a t i o n .  My 
m o d i f i c a t i o n  o f  t n e  method o f  P a t t e r s o n  e t  a l . p r o v e d  
l e s s  e f f i c i e n t  t h a n  t h e  sodium h y d r o x i d e  m e t h o d .  T h e r e f o r e ,  
i t  m us t  be c o n c l u d e d  e i t h e r  t h a t  t h e  r e l a t i v e l y  p o o r  
r e s u l t s  y i e l d e d  by t h e  m o d i f i c a t i o n  o f  t h e  m e thod  o f  
P a t t e r s o n  e t  a l . a r e  a t t r i b u t a b l e  t o  t h e  s i m p l i f i c a t i o n  
o r  t h a t  t h e  p o o r  r e s u l t s  a r e  a t t r i b u t a b l e  t o  t h e  d e c o n t a m ­
i n a t i o n  p r o c e d u r e  d e s c r i b e d  by P a t t e r s o n  e t  a l . and t h a t  
t h e  r e s u l t s  d e s c r i b e d  by  P a t t e r s o n  e t  a l . a r e  m i s l e a d i n g .  
F i g u r e s  8 and 9 s u g g e s t  t h a t  b a r iu m  s u l p h a t e  s e d i m e n t a t ­
io n  i s  n o t  a r e l i a b l e  method o f  c o n c e n t r a t i n g  t u b e r c l e  
b a c i l l i  f rom  h o m o g en a te s  o f  sputum; f i g .  8 shows t h a t  
c u l t u r e  by my m o d i f i c a t i o n  o f  t h e  method o f  P a t t e r s o n  e t  a l . 
i s  a s  e f f i c i e n t  a s  t h e  sodium h y d r o x i d e  m ethod  w h e r e a s  f i g .  9 
shows t h a t  m o d i f i c a t i o n  o f  t h e  method o f  P a t t e r s o n  e t  a l . 
i s  l e s s  e f f i c i e n t  t h a n  t h e  sodium h y d r o x i d e  m e th o d .
M o re o v e r ,  t a b l e  8? shows t h a t  3 s p e c im e n s  y i e l d e d  a p o s i t i v e
2uu
r e s u l t  o n l y  by t h e  m o d i f i c a t i o n  o f  t h e  m ethod o f  P a t t e r s o n  
e t  a l . w h e r e a s  14 sp e c im e n s  y i e l d e d  a p o s i t i v e  r e s u l t  o n ly  
by  t h e  sod ium  h y d r o x i d e  m ethod ;  i n  t h e  l i g h t  o f  t h e  
a p p e a r a n c e s ,  shown i n  f i g s .  8 and 9 t h i s  s u g g e s t s  v e r y  
s t r o n g l y  t h a t  b a r i u m  s u l p h a t e  s e d i m e n t a t i o n  i s  o c c a s i o n a l l y  
a b l e  t o  c o n c e n t r a t e  t u b e r c l e  b a c i l l i  f rom  a spu tum  hom ogen­
a t e  w i t h  g r e a t  e f f i c i e n c y  b u t  t h a t  t h e  c o n c e n t r a t i n g  a c t i o n  
o f  t h i s  p r o c e d u r e  d i f f e r s  from sp e c im e n  t o  s p e c i m e n .  
E x p e r im e n t  14 i s  t h e r e f o r e  p r e s e n t e d  as  e v i d e n c e  t h a t  
b a r iu m  s u l p h a t e  s e d i m e n t a t i o n  i s  n o t  an a c c e p t a b l e  
a l t e r n a t i v e  t o  c e n t r i f u g a t i o n ;  f u r t h e r  e x a m i n a t i o n  o f  
t h e  o r i g i n a l  m ethod  d e s c r i b e d  by  P a t t e r s o n  e t  a l . i s  
r e q u i r e d  i n  o r d e r  t o  e s t a b l i s h  w h e t h e r  t h i s  m e thod  i s  more  
e f f i c i e n t  t h a n  t h e  sodium h y d r o x i d e  method f o r  s p e c im e n s  
c o n t a i n i n g  few t u b e r c l e  b a c i l l i *
SUGG-ESTIONS FOR PUTUBE WORE ON METHODS 
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Tha m ost  d i s a p p o i n t i n g  f e a t u r e  o f  my e x p e r i m e n t a l  
w ork  i s  t h a t  i t  h a s  f a i l e d  t o  e s t a b l i s h  a s a f e ,  s i m p l e  and 
e f f i c i e n t  m e thod  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom  sputum 
a m ethod  w h ic h  c o u l d  b e  a p p l i e d  r o u t i n e l y  t o  a l l  
s p e c i m e n s .  The r e s u l t s  of  my e x p e r i m e n t s  ( t a b l e s  70, 72, 
78, 80  and 86 )  show t h a t ,  f o r  sp ec im e n s  l i k e l y  t o  c o n t a i n  
o n ly  s m a l l  num bers  o f  t u b e r c l e  b a c i l l i ,  t h e  m o s t  p r a c t i c a b l e  
ways o f  a v o i d i n g  c e n t r i f u g a t i o n  i n  t h e  i s o l a t i o n  o f  t u b e r c l e  
b a c i l l i  f rom sputum  a r e  l e s s  e f f i c i e n t  t h a n  t h e  sod ium  
h y d r o x i d e  m e t h o d .  I  b e l i e v e  t h a t  t n e  most  c e r t a i n  way 
o f  a v o i d i n g  c e n t r i f u g a t i o n  w i t h o u t  i m p a i r i n g  e f f i c i e n c y  
i s  t o  c u l t u r e  t h e  w ho le  u n t r e a t e d  spec im e n  w i t h o u t  p r e l i m i n ­
a r y  d e c o n t a m i n a t i o n .  The r e s u l t s  o b t a i n e d  i n  a p r e l i m i n a r y  
s t u d y  o f  d i r e c t  c u l t u r e  o f  sputum i n  t h e  f l u i d  medium EV 
( s e e  p .  156 and t a b l e  72 o f  t h i s  t h e s i s )  i n d i c a t e  t h a t  t h e  
main p r o b l e m s  r e q u i r i n g  f u r t h e r  s t u d y  a r e  1)  c o n t r o l  o f  
c o n t a m i n a t i o n  and 2)  p r o v i s i o n  o f  a medium w i t h  s u i t a b l e  
n u t r i e n t  q u a l i t i e s .
Co n t r o l  o f  c o n t a m i n a t i o n .
Two m ain  m ethods  a r e  g e n e r a l l y  u s e d  f o r  t h e  
s e p a r a t i o n  o f  one p a r t i c u l a r  m i c r o - o r g a n i s u i  f rom  a m i x t u r e
o f  m i c r o - o r g a n i s m s .  One m e th o d ,  d a t i n g  f rom  t h e  t i m e  o f
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h o o h ,  i s  p h y s i c a l  and r e l i e s  on s im p l e  s e p a r a t i o n  o f  t h e  
o r g a n i s m s  on t h e  s u r f a c e  o r  i n  t n e  d e p t h  o f  a s o l i d  medium; 
t h e  o t h e r  method i s  b i o l o g i c a l  and d e p e n d s  on trie f a c t  t e a t  
t h e  b a c t e r i o s t a t i c  or  b a c t e r i c i d a l  a c t i o n  o f  c e r t a i n  
s u b s t a n c e s  -  f o r  exam ple ,  d y e s  and a n t i b i o t i c s  -  d i f f e r s  f rom  
one m i c r o - o r g a n i s m  t o  a n o t h e r .  These  w e l l - e s t a b l i s h e d  
m e th o d s  s h o u ld  be  a p p l i e d  t o  f u r t h e r  s t u d i e s  i n  t h e  i s o l a t i o n  
o f  t u b e r c l e  b a c i l l i  f rom u n t r e  . t e d  s p e c im e n s  o f  s p u tu m .  
P h y s i c a l  c o n t r o l  o f  c o n t a m i n a t i o n . Agar i s  t n e  b a s i s  01 m o s t  
s o l i d  m e d ia ;  s i l i c a  g e l s  have  a l s o  been u s e d .  f o r  t h e  
p r i m a r y  i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  f rom  u n t r e a t e d  spu tum ,  
s u r f a c e  c u l t u r e s  on media  s o l i d i f i e d  w i t h  a g a r  or  s i l i c a  a r e  
- i m p r a c t i c a b l e  b e c a u s e  o f  t h e  l a r g e  s u r f a c e  a r e a  r e q u i r e d  t o  
e n s u r e  s a t i s f a c t o r y  s e p a r a t i o n  o f  t u b e r c l e  b a c i l l i  f rom o t h e r  
m i c r o - o r g a n i s m s  w i t h  an i n o c u lu m  o f  2 t o  10 m l .  of  s p u tu m .  
C u l t u r e  o f  t u b e r c l e  b a c i l l i  i n  t n e  d ee p  a g a r  o r  s i l i c a  g e l  
m ed ia  i s  a l s o  i m p r a c t i c a b l e  b e c a u s e  i t  i s  d i f f i c u l t  t o  r e c o v e r  
c o l o n i e s  f rom  deep  c u l t u r e s  f o r  t h e  p u r p o s e s  o f  m i c r o s c o p i c  
e x a m i n a t i o n  and s u b c u l t u r e  and b e c a u s e  a n a e r o b i o s i s  i n  t n e  
d e p t h  o f  t h e  medium w i l l  p r e v e n t  t h e  g ro w th  o f  t u b e r c l e  b a c i l l i  
M e th y l  c e l l u l o s e  h a s  t h e  f o l l o w i n g  p r o p e r t i e s  w h ich  m ig h t  
make i t  s u i t a b l e  f o r  t h e  i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  i n  t n e  
d e p t h  o f  a t h i n  l a y e r  o f  s o l i d  medium. f i r s t ,  i t  i s  a 
r e l a t i v e l y  i n e r t  chem ica l ' ;  s e c o n d ,  media  c o n t a i n i n g  m e t h y l  
c e l l u l o s e  a r e  f l u i d  a t  room t e m p e r a t u r e  and s o l i c  a t  o 7 0o •
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C o n s e q u e n t l y ,  i t  may be p o s s i b l e  l j  t o  s e p a r a t e  t u b e r c l e  
b a c i l l i  from c o n t a m i n a n t s  oy m a i n t a i n i n g  t n e  m ed ia  a t  a :7°C 
i n  t n e  s o l i d  s t a t e  u n t i l  t n e  t u b e r c l e  b a c i l l i  n a v e  had an 
o p p o r t u n i t y  t o  m u l t i p l y  and 2 )  t o  l i q u i f y  t n e  medium by 
c h i l l i n g  and r e c o v e r  a r e p r e s e n t a t i v e  sa m p le  o f  t n e  c u l t u r e  
by means o f  a p a s t e u r  p i p e t t e  f i t t e d  w i t h  a r u b b e r  t e a t .  
B i o l o g i c a l  con t r o l  o f  c o n t a m i n a t i o n . The s t u d i e s  r e p o r t e d  
i n  e x p e r i m e n t  6 w ere  u n s a t i s f a c t o r y  ( s e e  p .  194 o f  t h i s  
t h e s i s ) .  T h e r e f o r e ,  i t  would be  w o r t h  w h i l e  t o  examine  
t h o r o u g h l y  d y e s ,  a n t i b i o t i c s ,  q u a t e r n a r y  ammonium compounds 
and o t h e r  s e l e c t i v e  i n h i b i t o r s  o f  b a c t e r i a l  g ro w th ;  a very- 
w id e  r a n g e  o f  t h e s e  a g e n t s  h a s  become a v a i l a b l e  i n  r e c e n t  
y e a r s  and i t  i s  h i g n l y  p r o b a b l e  t n a t  an a g e n t  o r  c o m b i n a t i o n  
o f  a g e n t s  may be found  w h ic n ,  in  c o n j u n c t i o n  w i t h  t h e  p h y s i c a l  
m e a s u r e s  d e s c r i b e d  ab o v e ,  may r e t a r d  t n e  g ro w th  o f  no rm a l  
spu tum  f l o r a  and p e r m i t  g row th  o f  t u b e r c l e  b a c i l l i .  Tne 
f o l l o w i n g  p o i n t s  i n  t h e  s t u d y  o f  t n e s e  a g e n t s  r e q u i r e  e m p h a s i s .  
F i r s t ,  t e s t s  w i t h  l a b o r a t o r y  s t r a i n s  o f  t u b e r c l e  b a c i l l i  
s h o u ld  oe u sed  o n l y  a s  a ro ugh  g u i d e  f o r  t h e  s e l e c t i o n  o f  
s u i t a b l e  a g e n t s .  S econd ,  t n e  p r o p e r t i e s  o f  c o m b i n a t i o n s  
o f  s u i t a b l e  a g e n t s  sh o u ld  no t  be assumed to  be t h e  sum o f  t n e  
p r o o e r t i e s  o f  ea ch  a g e n t  i n  t h e  c o m b i n a t i o n ;  i t  i s  m o s t  
i m p o r t a n t  t o  e n s u r e  t h a t  t h e  c o m b i n a t i o n  o f  a g e n t s  d o e s  
n o t  r e s u l t  i n  a m i x t u r e  m i n i  i n n i o i t s  tu b  g r o w th
of  t u b e r c l e  b a c i l l i  or  f a i l s  t o  g iv e  t h e  e x p e c t e d  c o n t r o l  
of  c o n t a m i n a t i o n .  T h i r d ,  b e c a u s e  c u l t u r e s  f o r  t h e  i s o l a t i o n  
of  t u b e r c l e  b a c i l l i  r e q u i r e  a l o n g  i n c u b a t i o n  p e r i o d ,  t h e  
s t a b i l i t y  of  t n e  a g e n t s  s h o u ld  be i n v e s t i g a t e d  i n  t h e  medium 
i n  w h ic h  t h e y  a r e  t o  be used*  F o u r t h ,  t h e  i n f l u e n c e  o f ' t h e  
medium and o f  spu tum  on t h e  b a c t e r i o s t a t i c  p r o p e r t i e s  o f  t h e  
a g e n t s  s h o u l d  be b o r n e  i n  mind;  f o r  e x a m p le ,  i t  i s  w e l l  
known t h a t  t h e  b a c t e r i o s t a t i c  power o f  s u b s t a n c e s  l i k e  s i l v e r  
n i t r a t e ,  m a l a c h i t e  g r e e n ,  and e tny l .  v i o l e t  a r e  i m p a i r e d  by 
t h e  p r e s e n c e  o f  p r o t e i n .
P r o v i s i o n  o f  a s u i t a b l e  medium f o r  t h e  i s o l a t i o n  
o f  t u b e r c l e  b a c i l l i  f r om s p u tu m .
I iO 'w en s te in - Je n se n  medium i s  u n s u i t a b l e  f o r  t h e  
i s o l a t i o n  of  t u b e r c l e  b a c i l l i  f rom u n t r e a t e d  sputum, m a i n l y  
b e c a u s e  o n ly  t h e  s u r f a c e  i s  a v a i l a b l e  f o r  c u l t u r e  ( s e e  above 
p .  202 o f  t n i s  t h e s i s ) ;  f u r t h e r ,  t h e  eg g  y o l k  i n  t h i s  medium 
i n t e r f e r e s  w i t h  t h e  a c t i o n  o f  b a c t e r i o s t a t i c  a g e n t s *  M o re o v e r ,  
b e c a u s e  egg  y o l k  i s  t h e  main c o n s t i t u e n t  o f  t h i s  medium, 
i t s  e f f i c i e n c y  i s  s u b j e c t  t o  u n c o n t r o l l a b l e  V a r i a t i o n  i n  t h e  
q u a l i t y  o f  e g g s .  N e v e r t h e l e s s ,  i t  i s  d o u b t f u l  w h e t h e r  any 
of  t h e  m ed ia  w h i c h  do n o t  c o n t a i n  egg y o l k  a r e  as  e f f i c i e n t  
as L o w e n s t e i n - J e n s e n  medium. R e c e n t l y  Yamane (1 9 5 7 )  h a s  
d e s c r i b e d  a medium i n  w h ich  a d e r i v a t i v e  o f  egg  y o l k  has  been 
used .  T h is  d e r i v a t i v e  does  n o t  c o n t a i n  n i t r o g e n  o r  p n o s p n o r o u s ;
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i t  m e l t s  a t  3 6 ° c ;  i t  h a s  a c h a r a c t e r i s t i c  and e a s i l y  
r e c o g n i s a b l e  c r y s t a l l i n e  s t r u c t u r e ;  i t  i s  n o t  d e s t r o y e d  
by a u t o c l a v i n g  a t  120°C f o r  20  m i n u t e s .  Yamane c l a i m s  
t h a t  an a g a r  medium i n c o r p o r a t i n g  t h i s  f r a c t i o n  o f  eg g  
y o l k  i s  a b e t t e r  n u t r i e n t  f o r  t h e  HS7Bv s t r a i n  o f  t u b e r c l e  
b a c i l l i  t h a n  a m o d i f i c a t i o n  o f  L S w e n s t e i n - j e n s e n  medium.
The h e a t  s t a b i l i t y  and t r a n s p a r e n c y  o f  m e d ia  c o n t a i n i n g  t h e  
egg y o l k  f r a c t i o n  a r e  p r o p e r t i e s  w h ic h  make t h e  Yamane t y p e  
o f  medium i d e a l  f o r  d e p t h  c u l t u r e  o f  t u b e r c l e  b a c i l l i .  
E x p e r i m e n t s  s h o u l d  t h e r e f o r e  be made i n  o r d e r  t o  e s t a b l i s h  
w h e t h e r  m e d ia  c o n t a i n i n g  t h i s  f r a c t i o n  o f  egg y o l k  a r e  e q u a l  
t o  o r  s u p e r i o r  t o  L o w e n s t e i ' n - j e n s e n  medium f o r  t h e  i s o l a t i o n  
of  t u b e r c l e  b a c i l l i  from sp u tu m .
C l e a r l y  t h e  e x p e r i m e n t a l  a p p r o a c h  d e s c r i b e d  above  i s  
a f o r m i d a b l e  u n d e r t a k i n g .  N e v e r t h e l e s s ,  I  b e l i e v e  t h a t  i t  
o f f e r s  t h e  b e s t  p r o s p e c t  o f  e v o l v i n g  a s i m p l e ,  s a f e  and 
e f f i c i e n t  method o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom  s p u tu m .
P o s s i b l e  c r i t i c i s m s  o f  t h i s  a p p r o a c h  t o  t h e  i s o l a t i o n  
o f  t u b e r c l e  b a c i l l i  a r e  1 )  t h a t  m i c r o s c o p y  w ou ld  p r o b a b l y  be 
n e c e s s a r y  i n  o r d e r  t o  e s t a b l i s h  w h e t h e r  or  n o t  a c u l t u r e  was 
p o s i t i v e  and 2 )  t h a t  d e c o n t a m i n a t i n g  a g e n t s  m i g h t  s t i l l ,  have  
t o  be u se d  on a p o s i t i v e  c u l t u r e  i n  o r d e r  t o  o b t a i n  a p u r e  
c u l t u r e  o f  t u b e r c l e  b a c i l l i *  A l th o u g h  t h e s e  c r i t i c i s m s  have  
an i m p o r t a n t  b e a r i n g  on s i m p l i c i t y  and s a f e t y ,  t h e y  m us t  be
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viewed i n  t h e  l i g h t  o f  r o u t i n e  l a b o r a t o r y  p r a c t i c e .  One o f  
t h e  m a in  o b j e c t i o n s  t o  t h e  sodium h y d r o x i d e  method and t h e  
o t h e r  s t a n d a r d  m e th o d s  i s  t h a t  t h e  i n i t i a l  h a n d l i n g  o f  s p e c i m e n s  
i s  c o m p l i c a t e d  and t im e .aconsum iag ;  i t  i s  n o t  e a s y  t o  r e g u l a t e  
th e  num bers  o f  s p e c im e n s  s u b m i t t e d  d a i l y  t o  t h e  l a b o r a t o r y  and 
a t  p r e s e n t  l a b o r a t o r y  w o r k e r s  a r e  o f t e n  r e q u i r e d  t o  d e a l  w i t h  
numbers o f  s p e c i m e n s  o f  sputum w hich  a r e  i n  e x c e s s  o f  t h e  
number w h ic h  can  be h a n d l e d  s a f e l y .  I n  my o p i n i o n ,  t h e  
d i s a d v a n t a g e s  o f  d i r e ' c t  c u l t u r e  -  t h e  need  f o r  m i c r o s c o p y  
and d e c o n t a m i n a t i o n  a f t e r  a p r e l i m i n a r y  p e r i o d  o f  i n c u b a t i o n  
s h o u ld  n o t  b e  o v e r - e m p h a s i s e d  f o r  t h e  f o l l o w i n g  r e a s o n s .
F i r s t ,  t h e  i n i t i a l  h a n d l i n g  o f  s p e c im e n s  i s  r e d u c e d  t o  a minimum 
and t h e r e f o r e  r e l a t i v e l y  l i t t l e  t i m e ,  c a r e  and s k i l l  would be 
r e q u i r e d  f o r  t h i s  w o r k .  S ec o n d ,  t h e  d a n g e r s  a t t a c h e d  t o  
m i c r o s c o p i c  e x a m i n a t i o n  and d e c o n t a m i n a t i o n  a f t e r  i n c u b a t i o n  
of t n e  p r i m a r y  c u l t u r e s  would p r o b a b l y  be s m a l l e r  t h a n  t h o s e  
a t  p r e s e n t  e n c o u n t e r e d  i n  t h e  p e r f o r m a n c e  o f  s e n s i t i v i t y  t e s t s ;  
f o r  e x a m p l e ,  t h e  swab method o f  N as sa u  ( s e e  p .  Xu7 o f  t h i s  
t h e s i s )  w ould  be a s a f e  and s im p l e  p r o c e d u r e  f o r  t h e  d e c o n t a m ­
i n a t i o n  o f  p o s i t i v e  c u l t u r e s .  T h i r d ,  even  i f  t h e  e x a m i n a t i o n  
of c u l t u r e s  p r o v e d  to  be t i m e - c o n s u m i n g ,  t h i s  w ork  can  r e a d i l y  
be r e g u l a t e d  so t h a t  t h e  number o f  e x a m i n a t i o n s  made on a 
g iven day  i s  w i t h i n  t h e  c a p a c i t y  o f  t n e  l a b o r a t o r y  s t a f f .  In  
o t h e r  w o r d s ,  m e th o d s  u s e d  a t  p r e s e n t  a r e  n e i t n e r  s a f e  n o r
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s i m p l e  and. t n e  p r e s s u r e  o f  worn on t n e  o p e r a t o r  i s  g o v er n e d  
m a i n l y  by a f a c t o r  w h ic h  i s  n o t  r e a d i l y  c o n t r o l l e d  by t n e  
l a b o r a t o r y  s t a f f  -  t n e  number o f  s p e c im e n s  s u b m i t t e d  on a 
g i v e n  day ;  t h e  p r o c e d u r e  w n ic h  m i g n t  be e s t a b l i s h e d  by t h e  
w o rk  o u t l i n e d  above  may n o t  have  a g r e a t  o v e r - a l l  a d v a n t a g e  
o v e r  e x i s t i n g  m ethods  in. s i m p l i c i t y  o r  s a f e t y  o u t ,  b e c a u s e  
t h e  i n i t i a l  t r e a t m e n t  o f  s p e c im e n s  would  be e x c e e d i n g l y  s i m p l e ,  
t h e  m o s t  t im e - c o n s u m i n g  and d a n g e r o u s  l a b o r a t o r y  o p e r a t i o n s  
a r i s e  a t  a p o i n t  w h e re  t h e  p r e s s u r e  o f  w o rk  can be f o r e s e e n  and 
r e g u l a t e d  by t h e  l a b o r a t o r y  s t a f f  so t h a t  p r o p e r  a t t e n t i o n  may 
be  g i v e n  t o  s a f e t y  p r e c a u t i o n s ,
SIMMAkY
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T h i s  t h e s i s  c o n t a i n s  t n e  f o l l o w i n g  c h a p t e r s .
I n t r o d u c t i o n . T h i s  c h a p t e r  s k e t c h e s  b r i e f l y  
t h e  r e a s o n s  why m e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom 
spu tum  s h o u l d  be ' r e - e x a m i n e d . The r e a s o n s  a r e :  a )  l a o o r ­
a t o r y  p r o c e d u r e s  p l a y  an i m p o r t a n t  p a r t  i n  t h e  d i a g n o s i s ,  
t r e a t m e n t  and c o n t r o l  o f  t u b e r c u l o s i s ;  b )  p r e s e n t  m e tn o d s  
o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom  sputum a r e  u n s a t i s f a c t o r y  
-  m os t  m e th o d s  a r e  t i m e - c o n s u m i n g ,  and many a r e  d a n g e r o u s  
t o  t h e  o p e r a t o r ;  c)  a l t h o u g h  muon h a s  been w r i t t e n  a b o u t  
t n e  e f f i c i e n c y  o f  methods o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  
f rom  s p u tu m ,  l i t t l e  a t t e n t i o n  h a s  been  p a i d  t o  o t h e r  
- i m p o r t a n t  c r i t e r i a  by w h ich  m e th o d s  s h o u ld  be  ju d g e d  - 
s i m p l i c i t y  and s a f e t y .
2* Li t e r a t u r e . I  have  r e v iew e d  t h e  l i t e r a t u r e  
c o n c e r n i n g  m e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom  sputum 
o r  dfcher s p e c im e n s  o b t a i n e d  f rom  p a t i e n t s  s u f f e r i n g  f rom 
p u lm onary  t u b e r c u l o s i s .  In  a d d i t i o n  I  h a v e  a s s e s s e d  t h e  
s i m p l i c i t y  and s a f e t y  o f  l a b o r a t o r y  p r o c e d u r e s  commonly u sed  
f o r  t h e  d i a g n o s i s ,  t r e a t m e n t  and c o n t r o l  o f  t u b e r c u l o s i s .
The f o l l o w i n g  c o n c l u s i o n s  a r e  r e a c h e d ,  
a j  S i g n i f i c a n t  d i f f e r e n c e s  b e tw een  m e th o d s  o f  i s o l a t i n g  
t u b e r c l e  b a c i l l i  f rom sputum can  be d e m o n s t r a t e d  by c o m p a r in g  
t h e  r e s u l t s  o b t a i n e d  by t h e  m e th o d s  from s e r i e s  o f  sp e c im e n s
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o f  spu tum  l i k e l y  t o  c o n t a i n  o n ly  s m a l l  numbers  of  t u b e r c l e  
b a c i l l i  .
b )  T r i a l s  with, s e r i e s  o f  s p e c im e n s  o f  spu tum  e s t a b l i s n  
o n l y  t h e  r e l a t i v e  e f f i c i e n c y  o f  m e th o d s  and t h e r e f o r e  f a i l  
t o  i n d i c a t e  w h e t h e r  i t  i s  w o r t h w h i l e  t o  s e a r c h  f o r  m o re  
e f f i c i e n t  m e t h o d s .
c )  The r e s u l t s  o f  s t u d i e s  made by means o f  v i a b l e  c o u n t i n g  
p r o c e d u r e s  do n o t  a lw a y s  a g r e e  w i t h  t h e  r e s u l t s  o f  s t u d i e s  
made w i t h  s e r i e s  o f  s p e c im e n s  o f  sp u tu m .  I n f o r m a t i o n  
o b t a i n e d  by means o f  a v i a b l e  c o u n t i n g  p r o c e d u r e  -  a 
r e l a t i v e l y  a r t i f i c i a l  method -  m u s t  t h e r e f o r e  be 
s u p p le m e n t e d  by s t u d i e s  w i t h  s e r i e s  o f  s p e c im e n s  o f  spu tum
a p r o c e d u r e  w h ic h  i s  c l o s e l y  r e l a t e d  t o  r o u t i n e  
l a b o r a t o r y  p r a c t i c e .
d )  B e c a u s e  t h e y  do n o t  i n v o l v e  c e n t r i f u g a t i o n ,  S a x h o lm fs 
p a n c r e a t i n - d e s o g e n  method and 'N a s s a u ' s  swab m ethod  a r e  t h e  
m ost  a t t r a c t i v e  o f  t h e  r e c e n t l y  d e s c r i b e d  p r o c e d u r e s  f o r  
p r e p a r i n g  sputum f o r  t h e  c u l t u r e  o f  t u b e r c l e  b a c i l l i .
e )  M i c r o c u l t u r a l  m ethods  y i e l d  e a r l i e r  r e s u l t s  t h a n  
s t a n d a r d  m e t h o d s .  They a r e  u n s u i t a b l e  f o r  r o u t i n e  a p p l i c a t i o n  
b e c a u s e  t h e y  r e q u i r e  a d d i t i o n a l  l a b o r a t o r y  s p a c e  and g r e a t e r  
numbers  o f  s k i l l e d  t e c h n i c i a n s .
f ) L a r y n g e a l  swab c u l t u r e  i s  t n e  s i m p l e s t  m e th o a  o f  
i s o l a t i n g  t u b e r c l e  b a c i l l i  i rom  p a t i e n t s  wno a r e  u n a b l e  t o
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p r o d u c e  s p u tu m .
g)  M e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom spu tum  
and m e th o d s  o f  d e t e r m i n i n g  t h e  s e n s i t i v i t y  o f  t u b e r c l e  
b a c i l l i  t o  a n t i t u b e r c u l o u s  d r u g s  e x p o s e  t h e  o p e r a t o r  t o  t h e  
d a n g e r  o f  i n f e c t i o n  w i t h  t u b e r c l e  b a c i l l i .  T h i s  d a n g e r  can 
be r e d u c e d  i n  two ways: f i r s t ,  by  a s e a r c h  f o r  m e th o d s  which,
r e d u c e  t h e  l i k e l i h o o d  of  l i b e r a t i n g  t u b e r c l e  b a c i l l i  i n  t h e  
form o f  a e r o s o l s  and s e c o n d ,  by p r e v e n t i n g  t h e  i n h a l a t i o n  
o f  a e r o s o l s  c o n t a i n i n g  t u b e r c l e  b a c i l l i .  The s e c o n d  way 
o f  r e d u c i n g  t h e  d a n g e r  o f  l a b o r a t o r y  i n f e c t i o n  d e p e n d s  
m a i n l y  on t h e  p r o v i s i o n  o f  v e n t i l a t e d  s a f e t y - h o o d s  f o r  t h e  
m a n i p u l a t i o n  o f  t u b e r c u l o u s  m a t e r i a l *
E x p e r i m e n t s . T h is  c h a p t e r  c o n t a i n s  an a c c o u n t  
o f  my own e x p e r i m e n t s .  The f o l l o w i n g  p o i n t s  a r e  e s t a b l i s h e d .
a )  M e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom sputum s h o u l d  
be a s s e s s e d  by c o m p ar i so n  w i t h  a s t a n d a r d  method i n  s e r i e s  
o f  s p e c i m e n s  o f  sp u tu m .  For  t h i s  p u r p o s e  t h e  m os t  s u i t a b l e  
s t a n d a r d  method i s  t h e  sodium h y d r o x i d e  m e th o d .
b )  The s e l e c t i o n  o f  s p e c im e n s  o f  sputum i s  o f  v i t a l  i m p o r t a n c e  
i n  c o m p a r i n g  m e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom s p u tu m .  
I  e v o l v e d  a c r i t i c a l  p r o c e d u r e  f o r  a s s e s s i n g  t h e  e f f i c i e n c y
o f  m e th o d s ;  3 r e p l i c a t e  s p e c im e n s  a r e  examined  f rom  e a c h  o f  
40 t o  50 p a t i e n t s  whose sputum i s  l i k e l y  t o  c o n t a i n  v e r y  few 
t u b e r c l e  b a c i l l i .  Th is  p r o c e d u r e  can be a p p l i e d  w i t h  v e r y  
s m a l l  r e s o u r c e s  o f  t e c h n i c a l  a s s i s t a n c e  ana w i l l  snow c l e a r l y
any  i m p o r t a n t  d i f f e r e n c e  i n  t h e  e f f i c i e n c y  o f  two m e t h o d s .
c )  V i a b l e  c o u n t i n g  p r o c e d u r e s  a r e  o f  l i t t l e  v a l u e  i n  t h e  
a s s e s s m e n t  o f  m e th o d s  o f  i s o l a t i n g  t u b e r c l e  b a c i l l i  f rom 
s p u t u m .
d )  When s p e c im e n s  c o n t a i n i n g  v e r y  few v i a b l e  t u b e r c l e  b a c i l l i  
a r e  c u l t u r e d  by t h e  sodium h y d r o x i d e  method c o n c e n t r a t i o n
by c e n t r i f u g a t i o n  may n o t  be o m i t t e d  w i t h o u t  a  s e r i o u s  d o s s  
i n  t h e  e f f i c i e n c y  o f  t h e  m e th o d .  P r e l i m i n a r y  e x a m i n a t i o n  o f  
S a x h o lm rs p a n c r e a t i n - d e s o g e n  method -  a method w h ic h  does  
n o t  i n v o l v e  c e n t r i f u g a t i o n  -  s u g g e s t s  t h a t  t h i s  m e thod  would  
p r o v e  l e s s  e f f i c i e n t  t h a n  t h e  sod ium  h y d r o x i d e  m e th o d .  O th e r  
m e th o d s  w h ic h  a v o id  c e n t r i f u g a t i o n  p r o v e d  s i g n i f i c a n t l y  l e s s  
e f f i c i e n t  t h a n  t h e  sod ium  h y d r o x i d e  m e th o d .
e) K a s s a u ^  swab m ethod  i s  h i g h l y  e f f i c i e n t  f o r  s p e c im e n s  
known f rom  m i c r o s c o p y  t o  c o n t a i n  a c i d - f a s t  b a c i l l i .  T h i s  
method i s  s a f e  and s im p l e ;  i t  d o e s  n o t  i n v o l v e  c e n t r i f u g a t i o n  
T h e r e f o r e ,  i n  p r e p a r i n g  sputum f o r  c u l t u r e ,  t h e  r i s k  o f  
l a b o r a t o r y  i n f e c t i o n  w i t h  t u b e r c l e  b a c i l l i  may be  r e d u c e d  i n  
t h e  f o l l o w i n g  way. Specim ens  p o s i t i v e  by m i c r o s c o p y
t h o s e  f rom  w h ic h  t h e  m o s t  d a n g e r o u s  a e r o s o l s  a r e  p r o d u c e d  
by s h a k i n g  and c e n t r i f u g a t i o n  -  s h o u l d  be c u l t u r e d  by k a s s a u  
swab m e th o d ;  on ly  sp e c im e n s  n e g a t i v e  by m i c r o s c o p y  -  t h o s e  
from w h ic h  v e r y  s m a l l  numbers  o f  t u b e r c l e  b a c i l l i  a r e  l i k e l y  
t o  be r e l e a s e d  i n  t h e  form o f  an a e r o s o l  by s h a k i n g  or
c e r + r i f u g a t i o n  -  s h o u ld  ’be c u l t u r e d  by  t h e  more e f f i c i e n t  
b u t  more t i m e - c o n s u m in g  and d a n g e r o u s  m e th o d s  l i k e  t h e  sodium 
h y d r o x i d e  method*
D i s c u s s i  on . Th is  c h a p t e r  i n c l u d e s  a c r i t i c a l  
e v a l u a t i o n  of  t n e  e x p e r i m e n t a l  p r o c e d u r e s  u s e d  f o r  t h i s  t m e s i s ,  
a d i s c u s s i o n  of  th e  f a c t s  e s t a b l i s h e d  by t h e  e x p e r i m e n t s ,  a 
r e v i e w  o f  e x p e r i m e n t s  c o n s i d e r e d  t o  be u n s a t i s f a c t o r y  and 
s u g g e s t i o n s  f o r  f u t u r e  work  on m ethods  o f  i s o l a t i n g  t u b e r c l e  
b a c i l l i  f rom  s p u tu m .  I t  i s  c l a im e d  t h a t  t h e  p r o c e d u r e s  
a d o p t e d  i n  my e x p e r i m e n t s  w ere  t h e  c o r r e c t  ones f o r  t h e  
c i r c u m s t a n c e s  u n d e r  w h ic h  t h e  work  was a c c o m p l i s h e d  and t h a t  
f a i l u r e  t o  a p p ly  t h e s e  o r  s i m i l a r  p r o c e d u r e s  l e s s e n s  t h e  v a l u e  
o f  many o f  t n e  s t u d i e s  d i s c u s s e d  in  t h e  r e v i e w  o f  t h e  
l i t  e r a t u r e .  The u n s a t i s f a c t o r y  n a t u r e  o f  some o f  my 
e x p e r i m e n t s  i s  d i s c u s s e d  i n  t h e  l i g h t  o f  t h e  w e l l -k n o w n  
d i f f i c u l t i e s  i n v o l v e d  i n  w ork  w i t h  t h e  t u b e r c l e  b a c i l l u s .
I t  i s  s u g g e s t e d  t h a t  f u t u r e  work  on t h e  i s o l a t i o n  o f  t u b e r c l e  
b a c i l l i  s h o u l d  be d i r e c t e d  to w ard s  a s i m p l i f i c a t i o n  o f  t h e  
i n i t i a l  l a b o r a t o r y  t r e a t m e n t  o f  s p e c i m e n s ;  an e x p e r i m e n t a l  
a p p r o a c h  t o  t h i s  p ro b le m  i s  d e s c r i b e d .
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TOLUME I I : T a b le s  and I l l u s t r a t i o n s
T a b le  1
3 odium hyd r o x i d e  v e r s u s  a n t i f o r m i n  f o r  t h e  i s o l a t ion  
o f  _ t u b e r o l e  b a c i l l i  from s p u t u m. F i g u r es f r o m
L u r i e  ( 1 920 ) .___ Been s geo imen c u l t u r e d  by bot n  metxioas .
G e n t i a n  v i o l e t - e g g  medium
Method
N e g a t iv e  by 
micros  copy
P o s i t i v e  by 
m icrosc  opy Total
3 odi urn nydroxid e
Humber o f  exam inat ions 20 04 54
Humber p o s i t i v e 6 14 2 u
Per c e n t .  c u l t u r e  p o s i t i v e SO 41 .2 07
Anti.formiq x
Humb e r o f  ex ami n a t  i  on s 20 04 ::>4
Humber p o s i t i v e 1 2 0
per e e n t i  c u l t u r e  p o s i t i v e • 5 5 .  y o .o
x spu tum  was homogenised w i t n  an e q u a l  volume of  20 p e r  c e n t ,  
a n t i f o r m i n
T a b l e  2-
E f f i c i e n c y  o f  m ethods  of  c u l t i v a t i n g  t u b e r c l e  b a c i l l i  
~ f r o m s p u t u m . . i e s u i t s  of  a t r i a l  conduc ted  by t h e  
~ ? u b l i c  H e a l t h  L a b o r a t o r y  s e r v i c e  (1962 fT 
""P r e s e n t a t i o n  o f  r e s u l t s  i n  o r d e r  of  e f f i c i e n t :
Method
N e g a t i v e  by
d i r e c t
m ic ro s c o p y
P o s i t i v e  by
d i r e c t
m ic ro s c o p y
T o t a l
4 p e r  c e n t ,  sodium 
h y d r o x i d e .
Number o f  e x a m i n a t i o n s  
Number p o s i t i v e




1 , 6  04 
667
P e r  c e n t ,  c u l t u r e  p o s i t i v e 2 8 .6 8 6 .1 4 1 ,6
3 p e r  c e n t ,  s u l p h u r i c  
a c i d .
Number o f  e x a m i n a t i o n s  





1 ,5 7 1
554
P e r  c e n t . c u l t u r e  p o s i t i v e 2 1 .8 82 .2 0 0 .0
A c i d - i r o n - p e r o x i d e • 
Number o f  e x a m i n a t i o n s  
Number p o s i t i v e






P e r  c e n t ,  c u l t u r e  p o s i t i v e 1 9 .5 8 0 .5 3 2 .1
T r i s o d iu m  p h o s p h a t e • 
Number o f  e x a m i n a t i o n s  
Number p o s i t i v e




1 ,5 4 6
466
P e r  c e n t ,  c u l t u r e  p o s i t i v e 1 6 .8 76 .1 3 0 .1
(Sodium h y d r o x id e  - 4  
C o n ta m in a t io n  r a t e s  ( S u l p h u r i c  a c i d  =4
( Aoid - ' i r o n - p e r  o x id e  »5 
(T r i s o d iu m  phospha te=7
.9 p e r  c e n t \  
•C p e r  c e n t  V 
.2 p e r  c e n t  /  
.6 p e r  c e n t  /
o f  a l l
s l o p e s
i n o c u l a t ­
ed
T a b le  2
E f f i c i e n c y  o f  me thods  o f  c u l t i v a t i n g  t u b e r c l e  b a c i l l i  f r om
sputum .  F i g u r e s  t a k e n  from Bake r  T1 9 5 1 ) and p r e s e n t e d
~ in  o r d e r  o f  e f f i c i e n c y  f o r  sp ec im e n s  n e g a t i v e  f o r  a c i d -  
f a s t  b a c i l l i  by d i r e c t  m ic ro s  copy”'
Method
n e g a t i v e  by 
d i r e c t  
m ic r o s c  opy
P o s i t i v e  by 
d i r e c t
m ic ro s c o p y
T o t a l
podium h y d r o x i d e
Humber of  e x a m i n a t i o n s 96 24 120
Humber p o s i t i v e 26 24 50
P e r  c e n t ,  c u l t u r e  p o s i t i v e 2 8 .1 100 4 1 .7
T r i so d iu m  p h o s p h a te
Humber of  e x a m i n a t i o n s 99 22 121
Humber p o s i t i v e 16 22 28
P e r  c e n t ,  c u l t u r e  p o s i t i v e 1 6 .2 100 2 1 . 4
Sodium h y d r o x i d e  m o d i f i e d  
Humber of  e x a m i n a t i o n s 87 22 12 0
Humber p o s i t i v e 14 27 41
P e r  c e n t ,  c u l t u r e  p o s i t i v e 16 .1 81 .1 2 4 .2
O x a l i c  a c i d
Humber of  e x a m i n a t i o n s 78 16 94
Humber p o s i t i v e 10 10 20
P e r  c e n t ,  c u l t u r e  p o s i t i v e 1 2 .8 6 2 .5 2 1 .2
A c i d - i r o n - p e r o x i d e
Humber o f  e x a m i n a t i o n s 91 16 107
Humber p o s i t i v e 5 15 20
P e r  c e n t ,  c u l t u r e  p o s i t i v e 5 .5 92.7 1 8 .7
Contami n a t i o n  r a t e s : -  F igu re s  not  g iven i n  o r i g i n a l  .paper
T a b le  4
Sodium h y d r oxide ve r su s  t r i s o d i u ' n  phosph a t e  f o r  toe i s o l a t i o n  
" o f  t u b e r c l e b a c i l l i  Horn spu tum.  ^ J i g ures  f r b m_ mul l  a hy~~
( I95GI • E a ch specimen" i v ld iA " ‘ e ^ u a l l y f r e ' f v  een i E e  
~ ~ tv. o methods .  Dorse t  egg medium
Method
don c e n t r  t e  
n e g a t i v e  f o r  
a c i d - f a s t  
baci  H i
Concen t r a t e  
p o s i t i v e  f o r  
a c i d - f a s t  
b a c i l l i
To t a l
0  od i  urn hyd r  oxicl e 
fumber  of examina t ions 217 46 26o
1] umher p 0 s i  t  i  ve 8 0 32 118
Per  c en t ,  c u l t u r e  p o s i t i v e Do . 6 6 8 * 6 44.8
T r  i  s od i  urn ph 0 s on a t e
Dumber of examina t i ons 2 0 8  x 5 4  x 2  6 3
Kumbe r  p 0  s i  t  i v e 53 26 79
Per  c e n t ,  c u l t u r e  p o s i t i v e 25*4 48.2 30
Contaminat i o n  r a t e : - Sodium hyd rox ide  Tri  3 odlurn on o s o h a i e
8  per cent  . of  
a l l  s l o p e s  
i n o c u l a t e d
DO-4 pe r  c e n t ,  of  
a l l  s l o p e s  i n o c u l a t e d
These f i g u r e s  d i f f e r  from th o se  given  f o r  'me sodium hyd rox i de  
method because  more specimens were p o s i t i v e  o f t e r  c c n c e n t r a t i o n
by t r i s o d i u m  phosphate  than a f t e r  sodium hyd roxide
Table  5
Sodium hyd rox id e .versus  t r i g  odium phosphate f o r
t h e  i s o l a t i o n _of  t u b e r o l e j a s c i ^ l l i  from sputum .
F i g u r e s  from Byham ( 1 9 5 0 ) .  A sample  o f  each
of  89 s p e c im e n s  examined by e a c h  method . i;o
8 bout  m i c r o s c o p i c  e x a m in a t io n
o f  sp e c im e n s  . O l e i c  a c i d - a l b u m i n  a g a r  medium
Me t h  od p e r c e n t a g e  o f  p o s i t i v e  r e s u l t s
Sodium h y d r o x i d e 8 9 .6
T r i s o d iu m  p h o s p h a te 70 .9
Cont a mi n a t i on r a t e ; - s odium h y d r o x i d e  Tri sod ium phosphate
6 , 4  p e r  c e n t ,  o f  2 0 -2  p e r  c e n t ,  o f
a l l  s l o p e s  a l l  s l o p e s
i n o c u l a t e d  i n o c u l a t e d
Table  6
Sodium h y d r o x i d e  v e r s u s  t r i 3 o d i um p h osoh a t e  f o r  t h e  
f u b e r  ole~ b a o f T l i  ~ f f  c..i s g u tuuT ? f esu m-
&ol y  a d i f f e r e n t  s e r i e s  o f  s p e c i m e ns was used f o r  
each  n eTEon~ b u t  t h i s  Ts no t  o l e a r l y  s af'ed In  t r ie
o r i g i n a l  gupsr»"~’ no i n i o r ^ a t i  on_con c e r  n'fn J  medium*
f i n a l  c o n c e n t r a t l o n  of t r i s o d ium pnos on a t e  - 0 . 2 5 per
c e n t of  the~anKycir0 us saTFT ^ from s^ ar&ey and"~AUQe ^t ( l c 5 o j
S our  ce k e t h o d
Ho * o f
spec imens
j o n t a m i r a t e d  
pe r  c e n t .
p o s i t i v e  
c ii I t  u re  
n e .0, l i  v e 
rnic roscop y  
per  c e n t •
d e n e r a l  h o s p i t a l K a OH 2 , 6 0 0 6 5
wards HagPC^. 2 , 040 1 ^  1 ^  u « 4 X






O K 1 , 4 0 6 2 . 5 8 . 7
H a a. PO^ 1 , 2 0 6 1 . 7 1 0 . 2
Specimens  r e c e i v e d  
by m a i l  f rom 









x The 5 f i g u r e  f o r haOH i s  p r o b a b l y  too n i g h .  Lack o f  s t a f f
p r e v e n t e d  c a r e f u l  s c r u t i n y  o f  smears  and t h e r e f o r e  s p e c i me n s  
m i c r o s c o p i c a l l y  p o s i t i v e  by t n e  s t a n d a r d s  l a t e r  ad op t ed  may 
have  been  i n c l u d e d  as  m i c r o s c o p i c a l l y  n e g a t i v e  i n  t n e  sodium 
h y d r o x i d e  f i g u r e s
ao
c)ensen  med ium i n o c u l a t e d  by e a ch me t h o d . Each 
s p e c i m en examined by b o t h  met nods
Method Ne ga t i v e  by 
microscopy
p o s i t i v e  by
microscopy
T o ta l
Sodium hyd rox ide  
Number of  examina t i ons
X
•  m m •  © • 2 , 5 6 8
Number p o s i t i v e #  m © •  * m 50 0
Per  c e n t . c u l t u r e  p o s i t i v e #  •  • •  m m 2 1 . 1
Trisodium phospha t e  
Numb e r  of ex ami n a t i o n s m * • •  •  • 2 , 5 6 8
Number p o s i t i v e •  »  • •  ft » 521
Per  c e n t ,  c u l t u r e  p o s i t i v e •  •  • « •  • 2 2
C o n t a m i n a t i o n  r a t e ;  -  sodium Hydrox i d e  T r i  sodium pnos p h a t e
1 . 0 5  per  c e n t ,  o f  a . 85 per  c e n t ,  o f  a l l
a l l  spec ime ns  s p e c i me n s  i n v e s t i g a t e d
i n v e s t i g a t e d
M i c r o s c o p y : A pp r o x i ma t e l y  1 2 . 8 5  pe r  c e n t ,  o f  a l l
s pec i me ns  examined were  p o s i t i v e  i o r  a c i d -  
f a s t  b a c i l l i
x
F i g u r e s  not  g iven  i n  o r i g i n a l  p a p e r
T r i s o d i u m  oh os ph a t e  v e r s u s  sodium hy d r o x i de f o e  t n e  
i s o l a t i  or ’o f ' " t u o e r c l e ~ b a c i n i  _i f  om s putui. , Two 
s a mp les  o f  s p u tum c o l l e c t e d  f r om each - p a t i e n t : "  1 ) _a 
24 n r .  c o l l e c t i o n  i n t o  50 ml ’, of  5 p er  c e n t . T a n ^ d r o u s )  
f r i s o l i  urn pE o s p n a t e ; ~ 2  ) a s e c ond 2 % n r " c o i I i c f j l o n  i n  t n e  
s u c c e e d i n g .1? n r s  . i n t o  a n " empty " v e s s e l . s p e c imens In
t f I s od i um oho  cert, r i  f uged , and epos i t  used
i_rioouXation; sp ec im e n s  w i t h o u t  t r i s o d i u m  p h o s p h a te  
f  r  e I. t  e 6. ~v i  t  h 4 • - s od i  um n yd r  ox i  d e , c e n t r i f u ged and "ci. epos i t  
u s e l  For  i n o c u l a t i o n .  f rom Pe i ze r  e t  a I «7 " T I^ 5 1 ) ~ ” “
Method
Negat ive  b y ' 
m ic rose  opy
P o s i t i v e  by 
microscopy
Tota l
d odi um h vd r  ox i  d e 
Number of examina t i ons Xo • * 40  ^ 9 591
Number p o s i t i v e f? © A ft ft A 217
Per  cent*  c u l t u r e  p o s i t i v e ft  •  A 5 6 .7
Tr i  sod ium phosphate
Num ber of  examin a t i  on s #  A ft ft • • 591
Numbe r  p o s i t i v e £ 0 0 0 t  9 225
pe r  c e n t . c u l t u r e  p o s i t i v e 0  0 0 0  0 f t 58.1
g Contaminat ion  r a t e : -  Sodium aydroxide Trisodium phosphate
2 .4  per
a l l  soe 
i n v e s t !
cen t  . of
o i m en s 
gated
0 .5  per  c e n t ,  
specimens inve 
ga ted
of a l l  
s t i  -
x F i g u r e s  n o t  g i v e n  i n  o r i g i n a l  p a p e r
Tabl e
S u l p h ur i o  a c i d  v e r s u s  oxal ic;  a c i d  f o r  t n e  i s o l a t i o n  
t u b e r c l e  b a c i l l i  f rom sputum . J’rom 0 or pe r  and- Uyer~
( l i s p  ). ~ Bo t h  m e t h od s  a p p l i e d  t o  e a c h  of~T6  s pec imens
o f  s putum known t o  c o n t a i n  a e i d - f a s t  b a c i l l i ; __5 t u bes
of  g l y c e r o l - p o t a t o  medium i n o c u l a t e a  by each, me t ho i
Method
P e r c e n t a g e  o f  
t u b e s  g i v i n g  
p o s i t i v e  r e s u l t s
P e r c e n t a g e  of  
t u b e s  c o n t a m i n a t e d
6  pe r  c e n t ,  
a c i d
s u l p h u r i  c
78 28
9 . 5  p e r  can 
a c i d
t ,  o x a l i c
8 6 15
7 pe r  c e n t ,  
a c i d
o x a l i  c
85 14
5 pe r  c e n t . 
a c i d
o x a l i  c
8 8 15
2  p e r  c e n t ,  
a c i d
o x a l i c
6 6 45
_Table  10
O x a l ic  acid  v e r s u s  a o i d -1 r o n - p e roxiAe for  the I s o l a t i o n  of
t u b e r c l e  b a c i l l i  f rom s o u  turn.___p r o m Qol l i n s  _ ( *  7177-1
s p e c i m e ns from p a t i e n t s  in  wnom t n r e e  p'r e ' v f o i l s " s peci 'mens 
F e r e  ne g a t i v e  by m i c r o s c opy f o r  a c i d - f a s t  o a c i U i  . ~~oT~2,171
s p e c i m e n s ,  541 examTnetT by bo t h  me t hod s , ~Buo oy' o x aT i c  a c i c f  
met h o d  on ly  and 600 b,./ aci. d - i r o n  - p e r o x i d e  ~me t  iTod ~b n i y .
L Q7i> e n s t e i n - J e n s e n  m e d i um (h " s l o p e  s ) and D o r s e t  me d i  urn ( 1  s i  op
i n o c u l a t e d  by eacu  method
Hethod Al l  s pec imens
O x a l i c  a c i d
Numbe r  of  e x a m i n a t i o n s  
Hum b e r  p os i  t  i  ye
1 ,197
180




Acid - i  r  on - ? e r oxid  e 
| Humber of exam ina t ions  
H umbe r  p o s i  t  ive
974
112
p e r  c e n t ,  c u l t u r e  p o s i t i v e 11.5
C o n t a m i n a t i o n : - Oxal ic  ac id  A c id - i r o n - p e r o x id e
2 a . 7 per c e n t .  62 * 1  per  c e n t ,  of a l l
of a l l  s l o p e s  s lo p e s  i n o c u l a t e d
i n o c u l u t e d
Sodium hydroxide  v e r s u s  a c i d - i r o n - p e r ox ide  (hydrogen  
p e ro x id e  used in  l p  volume "strengHT) fo r  the ' i s o l a t i o n 
i f  t u b e r c l e  b a c i l l i  from sputum . prom Anderson e t  aT.
Tl95a ) .  Bach specimens c u l tu r e d  by both methods on
1 8w e n s te in - J e n  sen medium.
Method
N e g a t iv e  on
d i r e c t
examinat ion
P o s i t i v e  on
d i r e c t
examinat ion
Tota l
Sodium h ydrox ide
Number o f  ex a m in a t io n s 61 39 1 0 0
Number p o s i t i v e 9 2 0 29
Per c e n t ,  c u l t u r e  p o s i t i v e 1 4 .8 51 .5 29
Ao id  - i r  on -p e r oxi a e
Number of  exam inat ions 61 39 ICO
Number p o s i t i v e 7 24 31
Per c e n t ,  c u l t u r e  p o s i t i v e 1 1 .5 61 .5 31
Co n ta m in a t io n  r a t e : -  f i g u r e s  not  g iven i n  o r i g i n a l  paper
Ta b le  12
S odium h ydrox ide  v e r s u s  a c i d - I r o n  peroxide (hydroge a 
pe r o x id e  used at  IQ volume s t r e n g :FEJ fo r  the i s o l a t i o n
o f  t u b e r c l e  b a c i l l i  from s p u t u m *  Prom Macfarlane e t  a l .
(15-55 J» Each specimen c u l tu r e d  by both methods on
L ow en ste in -Jen sen  medium
Method
N e g a t iv e  on
d i r e c t
examination
P o s i t i v e  on




Number o f  exam inat ion s 1 0 0 1 0 0 2 0 0
Number p o s i t i v e X»  *  *> + • m 115
Per c e n t ,  c u l tu r e  p o s i t i v e •  «  • •  «  • 57
A o i d - i r o n - p e r o x i d e
Number o f  exam inat ion s 1 0 0 1 0 0 2 0 0
Number p o s i t i v e »  •  a 9 fi 6 69
Per c e n t ,  c u l t u r e  p o s i t i v e •  *  • 9 9 m 5 4 .5
x
F i g u r e s  not  g iven  in  o r i g i n a l  paper
aodium hy d r o x i d e v ersu s  a c i d - i r c n - p e r o x i d e  (hydrogen  
per ox iTe used a t  1  v olume s t r e n g t h ) fo r  the i s o l a t i o n  
t u b e r c l e ba c i l l i  from sputum. Prom Ma c f a r l a n e
eHT li « ( l v d o ) .   Each specimen c u l tu re d  by Foth m eth o d s .
L b w enste in -Jen sen  medium
Method
N e g a t iv e  on 
d i r e c t
e x a m in a t io n
P o s i t i v e  on
d i r e c t
examination
Tota l
Sodium hydrox ide  
Number o f  exam inat ions 8 6 114 2 0 0
Number p o s i t i v e * A 9 128
Per c e n t ,  c u l t u r e  p o s i t i v e # * # * • • 67
A c i d - i r o n - p e r o x i d e
Number o f  exam inat ions 8 b 114 2  0 0
Number p o s i t i v e 9l * • * «  * 80
Per c e n t . c u l tu r e  p o s i t i v e e # # * • « 42
x
F i g u r e s  not  g iven  in  o r i g i n a l  paper
T a b le  14
0 odium hydroxide v e r s u s  s u lp h u r ic  a c id  f o r  the i s o l a t i o n  
o f  tube r c I e H i j a c i i l i  from sputum. From Cor?er~and Uye i ~  
TT g^'V j . Both methods ap p l ied  t o  each o f  6  s p e c i i n e n s ~ f  
s p u t um known t o c o n t a in  a c i d - f a s t  b a c i l l i . f i v e  tubes  
of  g T y c e r o l - p o t a l o  medium i n o c u l a t e d  by eaon method from
each specimen
Method
Percen ta g e  o f  
tu b es  g i v i n g  
p o s i t i v e  r e s u l t s
p erce n ta g e  of  
tu bes  contaminated
6 per c ent *
s u lp h u r ic  a c id 66 5
fo r  30 m inutes
2 per c e n t .
sodium hydroxide 60 11
f o r  30 m inutes
T a b l e  1 5
'sus s u lp h u r ic  ac id  fo r  th e  i s o l a t i o n  o f
t u b e r c l e  b a c i l l i  from sputum and o t h e r specimens .  F igure s
from Ga mez -R i eu x  (1^40 J . Two s e r i e s  of  specimens ,
one s e r i e s  t r e a t e d  by each m ethod . Tween-albumin f l u i d  medium
Method
N e g a t iv e  by 
m icroscopy
XP o s i t i v e  by 
m icroscopy T ot a l
Sodium hydrox ide  
Number o f  exam inat ipns a #  * ® e  © * 261
Number p o s i t i v e t> <» C © © ♦ 166
Per c e n t ,  c u l t u r e  p o s i t i v e 9 9 * •  •  A 6 3 .6
Sulphuri  c a c id  i
Number o f  exam inat ions »  © © © *  * 140
Number p o s i t i v e © © © •  © © 73
per  c e n t .  c u l t u r e  p o s i t i v e *  •  © f  •  a 52 rl
b f i g u r e s  not g iv e n  in  o r i g i n a l  paper
x The two s e r i e s  t o g e t h e r  c o n ta in  401 specim ens of  which  
162 were p o s i t i v e  by microscopy  
•i 15 per c e n t ,  s u lp h u r ic  acid
Table 16
So d ium Hyd ro x id e  v e r sus s u l phuric  acid f o r th e  I s o l a t i on 
of tube r c l e  baci l l i  from s putum " (Madsen 1 95qT7 JITcn 
s p ecimen t r e a t e d by both metnods
f i
Method
Nega t i ve  by 
mi c roscopy
P o s i t i v e  by
micros  copy Tota l
3 od-iurn hyd roxide
I\!urnb e r  o f  examina t i ons







2 ,5 1 6
476
f e r  c e n t ,  c u l t u r e  p o s i t i v e ft ft ft <» • * 1 8 .9
S u l p h u r i c  acid
Numbe r  of examinc t i ons 9 ft » # • • 2 , 516
Numbe r  p o s i t i v e ft ft © • • # 42 9
Pe r  c e n t ,  c u l t u r e  p o s i t i v e ft ft ft ft ft «j> 1 7 .1
Contaminat ion:  F ig u r e s  fo r  sputum are not g iv en  in tne o r i g i n a l
paper but of  1 0 ,5 0 8  s lo p e s  i n o c u l a t e d  by eacn metnod from d i f f e r e n t  
kinds o f  specimens i n c l u d i n g  tne above sputa ,  1 6 .9  per c e n t ,  were  
contaminated a f t e r  sodium hydroxide  treatm ent  and 1 4 .6  per cerM . 
a f t e r  s u l p h u r i c  ac id
x F ig u r e s  no t  g iven  in o r i g i n a l  paper
Table 17
T r i s odium p hosphate  ver s u s  ox a l i c  a c id f o r  the i s o l a t io n  
of t u b e r c l e  UacITIT Trorn sputum. iT g u re s  Trom Cor per
and S t o r e r~TTri?o1~T_ Each s p e c imen T r e afeg  "by boTn methods ;
each s p e cimen_n e g a t i ve by m icroscopy and ay guinea pig  
i n o c u l a t i o n . ~Egg y o l k me d i um o f  Cor per and Conn (TbOOa)
ivie t  n od R e s u l t s
Trisodiui'n phosphate -  24 hrs
18
0
at  J5 7 .^0
Kumber of  exam inat ions  
Number p o s i t i v e
per  c e n t ,  p o s i t i v e 1 6 .7










Numb e r o i  ex am i  na t  i  o n s 
Number p o s i t i v e
. .
Per cent  . p o s i t i v e 0
T a b l e  13
T r i s odium phos phate v e r s u s o x a l i c  a c i d f o r th e  c u l t i v a t i o n 
o f , t u b e r c l e  b a c i l l i  from sputumT Frgures’~from Van Yranken 
|T $ 47 ) . Each method a p p l ied  s e p a r a t e l y to  1,CQ0 c o n s e c u t i v e 
spec im ens  of~sputum. '"~Egg"yollc medium oT porper and pohn (1^22 a )
Method
N eg a t iv e  by
d i r e c t
microscopy
P o s i t i v e  by
d i r e c t
m icroscopy
T o ta l
Trisodium phosphate
Number o f  ex a m in a t io n s 887 1 1 2 1 , 0 0 0
Number p o s i t i v e 64 62 12 7
Per c e n t . p o s i t i v e  c u l t u r e s 7 .2 55 .8 1 2 .7
O xa l ic  a c id
Number o f  exam inat ions 884 116 1 , 0 0 0
Number p o s i t iv e . 2 2 76 1 0 8
Per c e n t ,  p o s i t i v e  c u l t u r e s 3 .6 65 .5 1 0 . 8
Conta m in a t io n  r a t e ; -  f i g u r e s  not g iven  in o r i g i n a l
paper
T a b le  19
Trisodium phosphate  v ersu s  h y d r o c h lo r ic  ac id  fo r  the  i s o l a t i o  
of  tu b e r c l e  b a c i l l i  from sputum. F igures  f r om B e a t t i e  ( 1 9 4 9 ) .  
Fach specimen t r e a t e d  by both methods* Pe tragnan i  medium
Method
N egat ive  by 
micros copy
P o s i t i v e  by 
m icroscopy Total
Trisodium phosphate  
Number o f  exam inat ions 74 171 245
Number p o s i t i v e X•  * • •  •  • 158
Per c e n t ,  c u l t u r e  p o s i t i v e m m © •  A flv 6 4 .5
H ydroch lor ic  a c id  
(loflaffb’ i m )
Number o f  e x a m in a t io n s 74 171 245
Number p o s i t i v e © © m © #  © 171
Per c e n t ,  c u l t u r e  p o s i t i v e * e * A *  • 6 9 .8
Contamination r a t e ; -  f i g u r e s  not g iven  in  o r i g i n a l  paper  
x
F ig u r e s  not g iven  in  o r i g i n a l  paper
P  I 
0 !  CU 
P f
i 01p  O i
p !
P i o U j o i
c  i , m i  I p i
i- bOfoH PH I 
CO I i Q  i 
P  10  ) 1 CO j
O  8 5h S 0  [+3 i
•rl 0 | t > H l
03 HH M i d i
s i s t o  i©i
0*1 lew pi I
to I 0 3  I o  jQjI
CO i 0  \
1 0 1 ( 0  - 
03 ) £: ■ 0) ! 0  i
P f O I > I 
O k l h l - H !
0  l*H IP* U-> E 
P i  I f d l  
!-'10 Ip I03 I 
P l ^ i o i o lin I I. cjj§ 
p  IP \ p  i I
0 1  I 0 ( 0  f
¥ va *— p r~1»|0)|d|®>
P  P  » d  I g  jc l a |a  |
01 Oi irol 
O0I-H | CO 10  
P h~3 j 0  to  I 
j P Lp fd I 
b0l*H I . 1 I~p |
P i  i o j  |•H Sr-1 i*i—( I O) I
P  [ <53 |.-o  I I
0 t p  . p  p  p 10 l-H | ca 
•r_,| £ j j  S-P I a 3 hIpI tobilcoi I
P  i I-hIm PI P  I 03 I 
o !  ! p [ 0
0  * | © H  — I 0  l-H p t ho 
nn fi—( S o  f p  ip ' I 
IfH i OjI 0  h-> | 
;H Lh M tP li—! I O i o i 0 j K : j ^ i  
I S31 I ( I 
P  1.0 M I P Iy| l.-id) 01
0 10  Its ip  IP
P  irH j 0 1 ca I o !
<HlO|PtH -pj
0 IpI o lp  -ni 0 10 1 o  I
0  IjD I Q> O np j 











I ^ - 1 i !
1 0 * O c<i CO CO CO "d* ■O !




1 0 Q J' 'j?I 0-. O-I 1
i O 0 02 02 CV2 CM CM ^  I





' rH 02 02 02 CM CM CM 1 
i
i ro r” I
1 -H 0  .
1 O -P 0^ 1
| <30 03 i 1—1 1
0 0 tO O O .0 0  1
1 O P iH 1
1 H P I
I rH
i 0 •H




1 ^  
! n 5




1 y 1 rH P i
p O 03 0 Q 0 O j  i
;.x3 0 rH !
\ a P i
i 00 P i
1 s ij
1 ^ P O 02 CO CO CO 0 I
! - J O P i
1 X  1 i
1 02 ■ i
1 P 1—1 02 02 CM CM i
0 Ol i
.a ------------ 1
I & tO I
1 P 1 CM













«H P I toO P I to f~t}c:> I O 03 to 00 0  0 I P P 03 P 0
i3 0.0 I O -P •Tp no










































































Oi d 0 1
0 di P  1
d o rH 1
w
a
o ld  1 
i 0 1






O' o * :l
co r a j
i—11
d
CO • t> 1
•H dl
d —1 0  1
O i—1 p  i
•H d j
0 O •h
P CO t 5
d -O 0 1
0 s lhO 0 •H
COlrH P I
o 1
QOd P  s
d i0 d 1
•H , 0  0
-Pldldl  
®  I p  | 0  id Pi
H  | O  -H l7» jI'd tt* 1




81 . . ^  io ij—11—jjji • IrHlCOS
olSi'SMI CO I0H
U .l
p  i h ci^ o  f
y k1*H0 0
p  I d li—15 o
P 
0
rH I O {*H
col d ]rci I
P i ©  d l  




CO P  rH
eg d CO 00
Ml 0 |> ft
O  -H O H o o  j• > o
p d d rH
d 0 d





d GO O o o  |







d id p  i—i j
0 o d co
6D CO 0 t> 1
CO Id O  »H o tO co CQ i
l> Q sH 1
0 0 ' d d rH
d P 0  d 1





g 0 P 1
CO Oi d cD IO o in 1P d O o rH i
d eg o CO ego rH d
o ■u; ... ..... • 1
' P  rH {
o d ot eg cr> I
p., 0 > * * 1
CQ O  -H O eg
CO > o m
J2S d d rH 1









eg £>- to eg
00 o xi ■D


























































































Goloriy c o u n t s  o f  t u b e r c l e  b a c i l l i  a t  d i f f e r e n t  t ime  - 
i n t e r v a l s  f rom m i x t u r e s  o f  pooled sputum and d.e c o n t ain- 
i n a t i n g  a g e n t s .  F i g u r e s  f r o m ^ p e n d l o v e  e t  a l* ~ ( lC 4 0 )





U C U G G
40 min U u U U
2 Jirs U u 1 ,0 0 0 U
24 h r s 580 1 ,0 0 0 0 0
72 h r s 0 60 0 0
x ~  F i n a l  c o n c e n t r a t i o n  
U = u n c o u n ta b l e  
C =■ con ta m in a ted .
T a b l e  2 3
The e f f e c t  o f  d eco n ta m in a t in g  agents  on a su sp e n s io n  
o f  t u b e r c l e b a c i l l i  in  albumin w a te r .  F igu res  from 
Sra.y'et a l . .  Tl^D4) ~ ~
Agent and 
f i n a l
c o n c e n t r a t i o n
Time o f  
exposure
... .... ..................n
Number o f  
v i a b l e  organisms  
x lO^per ml.
Percentage  of  
organisms
s u r v iv i n g  treatment
hone 30 min 1 8 0 1 0 0
2  per c e n t .  
NaOH 30 min 23 1 2  . 8
1
5 per  c e n t .  
NagP04 24 Hrs 2 2  .o 1 2 .5
3 per c e n t .  
H2 SO4 30 min 3 . 5 1 . 8
2 . 5  per c e n t ,  
o x a l i c  a c id 30 min 1 . 2 0 . 7
A c i d - i r o n -
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TJae e f f e c t  o f  decontamin a t i n g  agents on tu b e rc u lo u s
sputum. Sputum & iluted tor  count ing a f t e r  t re a tm e n t .
F ig u r e s  from Gray e t  a l •T X 3 5 4 )
Agent and 
f i n a l
c o n c e n t r a t i  on
Time of  
exposure
Number of  
v i a b l e r organisms  
at 1 0 “° d i l u t i o n
2  per  c e n t .  NaOH 30 min 6
o per cenu .  Na3 P0 4 24 Urs 8
5 . 5  per c e n t .  NasPG4. 24 nrs 0
H
2 . 5  per c e n t ,  o x a l i c  acid 30 min 3
3 per  c e n t .  II2 SO4 30 min - 0
A c i d - i r o n - p e r o x i d e 30 min (
— §
0
T a b l e  26
Tlie i s o l a t i o n o f  t u b e r c l e  bao i l l i  from sputum w ith  
Te e p ol  (Browning el  15d3 J. L S w e n s te in - j e n se n 
medium. Durat ion of  exposure to  Tee p o l  6  nrs  (one 
t n i r d  of  tne  specim ens)  or 24 nrs  Ftne remainder o f  
th e  s p e c im e n s )
Homogenisation w i t h  Teepol
N egat ive  Dy 
micros  copy
P o s i t i v e  by 
m icroscopy Tota l
Number o f  examinat ions 1 0 1 41 142
Number p o s i t i v e 8 40 48
!
Per c e n t ,  c u l t u r e  p o s i t i v e 8 9 7 .6 3 3 .8
. ;
T a b le  27
godiurn h y d r o x i d e  v e r s u s  ^ epol  f o r  t h e  i s o l a t i o n  of  t u b e r c l e
b a Q i l l i ^ f r o m  sputum (Ti son  and Loze,  1954)  > Bach" spec imen
c u l t u r e d  by bot h  m e t no d s .  Four  h b w e n s t e i n - J e n s e n  s l o p e s  
i n o c u l a t e d "  "be e a c h  metnod f o r  each  specimen
Method
From specimens  
n e g a t iv e  by 
m icroscopy
|  „
From specimens  
p o s i t i v e  by 
microscopy
Total
Sodium h yd ro x id e
Number o f  tu b e s  o f  
medium i n o c u l a t e d X•  •  • •  •  • 220
Numoer p o s i t i v e •  •  • •  •  • 91
Per c e n t ,  tu bes  y i e l d i n g  
p o s i t i v e  c u l t u r e •  • • •  •  • 4 5 .9
Teepol
Numoer of  tu b e s  o f  
medium i n o c u l a t e d •  •  • •  » • 220
Number p o s i t i v e •  •  • •  • • 87
Per c e n t ,  t u b e s  y i e l d i n g  
p o s i t i v e  c u l t u r e • •  • •  • • 3 9 . o
Co n t a m i n a t i o n  r a t e :  -  Sodium h y d r o x i d e  Teepol
3 . 2  .per c e n t ,  of  4 . 1  p e r  c e n t ,  of
a l l  s l o p e s  a l l  s l o p e s
i n o c u l a t e !  i n o c u l a t e d
x F ig u r e s  not  g iven  i n  o r i g i n a l  paper
-Table 2 8
3  oo ium nyd r oxi  d e ver sus s od i  um nydroxid e-t-eepcl  f o r  tn e
i s o l a t . i  on o f  tub ere IF" ba c i  H i from sputum. R e s u l t s  from
Tfson 1 1 9 5 4 ) .  Each so eeim en c u l tu r e d  by both methods.
pour L & \ e a s t  ei n -  J en s en s lo p e s " in o c u la te d  by each method
fo r  each specimen
method H e s u l t
3  o d i  um hy d  r  oxi  d e
Number of t u b e s  of medium 
i n o c u l a t e d
COCQ














1 1 1 l 1 i
3 0 dium hyd r o x i d  e - t e e  pol
Number o f  t u b e s  o f  medium 
i n o c u l a t e d 364
Numher p o s i t i v e 27




1 1 i 
__
__
Contami n a t i o n; -  .Figures not  g iven in
o r i g i n a l  paper
Table 29
Sodium h y d ro x id e  v e r a u 3 "sodium hyd ro x id eM -eeg o l  f o r  
t n e i s o l a t i o n  of  t u b e r c l e  b a c i l l i  from sputum.  H e s u l t s
from Tl s o  , m Au5jjnn 1 , 0 0 .  E a c h s p e c i m e n ~ c u l t u r  e^ Ti)y-
be ta  met nods « fou r  a Siftens t  e i n -  Jens en~sI^pe s~ in o Q u r i :f eg
by each met nod f o r  e -mi s pec iulen-
Method
N e g a t i v e  by 
d i r e c t  
mi c r os c op y
P o s i t i v e  by 
d i r e c t
mi cron copy
T o t a l
8  od i um iiyd r  0 x i  d e
Number o f  e x a m i n a t i o n s X* » 0 ft « e 400
N um b e r  0 0  s i  t  i  v e 0 ti «* ® » 0 75
P e r  c e n t ,  p o s i t i v e e ft « 0 • # 1 8 . 8
Sodium h y d r o x i d e - t e e p o l
Number o f  exam inat ions ft ft ft 0 0 » 4uG
Numb3 r  p o s i t i v e 0  jl 0 •  0 109
P e r  c e n t ,  p o s i t i v e ft • ft » 0 2 7 . 3
_C0 n t am i n a t 1 0 n : sodium nyd r o x i d e  j c o i  um iiy d r o x i d e -
t eepo l
Humber o f  s pe c i me n s  i n  3 ( 7 . 5  p e r  c e n t . )  0
whi ch  a l l  4 s l o p e s  
were c o n t a m i n a t e d
Number o f  s p e c i me n s  i n  39 ( 9 . 8  pe r  c e n t . )  25 ( 6 . 5  pe r  c e n t . )  
which one t o  t n r e e  
o f  t n e  s l o p e s  were 
c o n t e n d n a te d
x f i g u r e s  not given in  o r i g i n a l  paper
Table 30
P a n c r e a t in -d .e so g en (4  hours)  v e r s u s  sodium nydroxi de fo r  
th e  i s o l a t ion  o l ^ u b e r c T e ^ T a a i l l l  from sputum. ""Each 
s p ecimen c u l t ured by both  -methods . From each sp e c im en ,
4 L owe n s't'e in -J e n s e n  s i  o pes i n o c u l a t e d  by each method. 
R e s u l t s  "from Saxnolm Cl 954 >
Method
N egat ive  by 
d i r e c t
microscopy
P o s i t i v e  by 
d i r e c t  
m icrosco  py
Tota l
Sodium hyd rox id e
Rumoer o f  exam inat ions X•  •  • •  •  • 561
| Number p o s i t i v e 0 0 0 •  •  • 1 2  8
Per c e n t ,  c u l t u r e  p o s i t i v e 0 0 0 0 0 0 1 5 . 3
r  ..........  ■ 1 1
P a n c r e a t in -d  esogen
| Number of  exam inat ion s 0 0 0 0 0 0 b61
Number p o s i t i v e 0 0 0 0 0 0 149
Per c e n t ,  c u l tu r e  p o s i t i v e  
________
0 0 0 0 0 0 22 .5
Co n ta m in a t io n : -  s odium hydroxide P a n c r e a t in -d e so g e n
15 per c e n t ,  of  a l l  17 .7  per c e n t ,  of a l l
s l o p e s  in o c u la te d  s lo p e s  i n o c u l a t e d
z F i g u r e s  no t  g iven  i n  o r i g i n a l  paper
Table £51
P a n c r e a t in - d e s o g e n  (24 nours)  v e r s u s  sodium h yarox id e  f o r
th e  I s o l a t i o n  of  t u b e r c l e b a c i l l i  from sputurn. Sacii ap e c irn e n
c u l t u r e d  by both m eth od s . pour Low enste ln~jensen  s l o p e s 
i n o c u l ated by each method from each specimen.  R e s u l t s  from
SaxnoLi. [l  dbdj
Method
N e g a t iv e  by 
d i r e c t  
m icrosco  py
P o s i t i v e  by
d i r e c t
microscopy
Total
Sodium h y d ro x id e  
Number of exam inat ions X•  •  • •  •  • 230
Number p o s i t i v e t  •  • •  •  * 37
Per c e n t ,  c u l tu r e  p o s i t i v e •  •  • • • • 1 6 .1
P a n c r e a t i n - d e s o g e n  
Number o f  exam inat ion s • * • * •  • 230
Number p o s i t i v e •  •  • •  • • 5 7
Per c e n t ,  c u l t u r e  p o s i t i v e •  • • • •  • 2 4 .8
C o n ta m in a t io n .ra te: sodium hydroxide  P a n c r e a t in -d e so g en
1 7 .3  per c e n t ,  o f  I'd. 7 per c e n t ,  of
a l l  s l o p e s  in o c u la te d  a l l  s lo p e s  i n o c u l ­
ated
x F i g u r e s  not  g iven i n  o r i g i n a l  paper
Table 32
Pan o r e a t i n - d e s o g e n (1 per c e n t ,  uessogen, 19 or 44 nouns'  
t r e a tm e n t )  v e r s u s sodium Hydroxide for  t h e "i s o l a t i on o f
tubercTe TTaciTIT from sput um.  Sacn specimen cuTt"ured
py botn m eth od s* l§rcens£e in-Jensen  medium. R e s u l t s
from Saxiiolm (1955 ‘
Metnod
Negat ive  by 
microscopy
P o s i t i v e  b y  
m icroscopy Total
Sodium Hydroxide  
Number o f  exam inat ions
X
• • • * • • 2 , 575
Numoer p o s i t i v e • • • • • • 351
Per c e n t ,  c u l t u r e  p o s i t i v e • • • • • • 1 3 .6
P a n c r e a t in - d e s o g e n
Number o f  e x a m in a t io n s # • • • • • 2 ,5 7 5
Numoer p o s i t i v e • • • • • • 348
Per c e n t ,  c u l t u r e  p o s i t i v e • • • 1 3 .1
Contamination r a t e : - Sodium hydroxide p a n c r e a t in -d e s o g e n
1 .2  per c e n t ,  o f  1 0 .5  per c e n t ,  o f  a l l  
a l l  specimens specimens examined
examined
x f i g u r e s  not g iven  in  o r i g i n a l  paper
P a n o r e a t in -d e so g e n  ( 1 , 5  per  c e n t . h e s o ge n , 19 or 44 h o u r s ' 
t r e a t m e n t ) v e r su s  so d ium nydroxide  tor  t he i s o l a t i o n  of  
f u b e r c l e  b a c i l l i '  from sputum. 'Each specimen t r e ated by 
both methods* Ldwenste in-Jensen  mediumT HesuTts from 
Saxholm ITd-bo) “
Method
N e g a t iv e  by 
micros copy
p o s i t i v e  by 
microscopy Tota l
Sodium hydrox ide  
Number o f  exam inat ions
X
•  • » 0 0 0 1 ,24b
Number p o s i t i v e • •  • 0 0 0 157
Per c e n t ,  c u l t u r e  p o s i t i v e 0 0 0 0 0 0 1 2 . b
P a n c r e a t in - d e s o g e n..«••............n .«i— Vi | |
Numoer of  exam inat ions m • m 0 0 0 1,24b
Number p o s i t i v e 0 0 0 0 0 0 170
Per c e n t ,  c u l t u r e  p o s i t i v e 0 0 0 0 0 0 l b .  7
Contamination r a te :  sodium hydroxide P a n c r ea t in -d esogen
1 ,1  .per c e n t ,  of 2 . 4  per c e n t ,  o f  a l l  
a l l  specimens specimens examined
examined
x F ig u r e s  not  g iven  in  o r i g i n a l  paper
Table c*4
Com gar  i  son of  s odium hydrox id e ,  pan or e a't i  n - '1 per c e n t ,  
d e sogen and pan c re a t-in  - 1 per c e n t .  DenzaXIonTTmi c n lo r i o e  
i o :  m e  i s o l a t i o n  oT tuUercTe buciiTT Trom~sputum. ~ p r e a f - 
ment  y i t  1:, pancreat- in met.nods f o r  4 o r  I  or 24 Hrs! Lev en s t e i n  
Jensen  medium .  d e s a l t s  from Saxnolm fT55o"J
Method
N e g a t i v e  by 
m i c r o s c o  py
p o s i t i v e  by
.11 i j  v O 3 c o py
T o t a l
3 od i  um hyd r  oxi  a e 
Number o f  e x a m i n a t i o n s
X
• p «* • e • 572
N um b e r  p o s i  t  i  ve e • o * « • 91
p e r  c e n t ,  c u l t u r e  p o s i t i v e . . . e « t 15 . 9
P a n e r e a t  i n - d e s o g e n  
Number o f  e x a m i n a t i o n s P • c ft ft ft 572
Number p o s i t i v e * * • 8 ft ft 116
P e r  c e n t ,  c u l t u r e  p o s i t i v e p e * ft ft ft 20-5
p a n c r e a t i n - b e n z a l k o n i u m  
c h l o r i c ,  e
Number o f  e x a m i n a t i o n s # m * • A • 572
Number p o s i t i v e ft » ft ft ft ft 06
P e r  c e n t ,  c u l t u r e  p o s i t i v e • ft ft ft ft ft 1 1 . 5
Qontamin at ion  r a t e s : - Bsnzalkonium c h l o r i d e  i s  approximately  as 
„ e f f i c i e n t  as desogen; f i g u r e s  not g iven
x f i g u r e s  not g iven  in  o r i g i n a l  paper
Table 25
S ob-iam nyd ro x id e  v e r s u s p ancreat in  - 1  per cent* b e s o g e n 
IT24 hou rs r ~ tr ea tm e n t ) 7 or the" i s o l a t i o n  or t u b e r c l e  Dacl l l i  
from s putum T~Lindt 195171. Bacn specimen c u l tu red  by both' 
m ethods .  Sediment from each method in o c u l a t e d  on io u r  
howensTein-Jensen  s lo p e s
Method
N e g a t iv e  by
d i r e c t
microscopy
P o s i t i v e  by
d i r e c t
microscopy
Tota l
Sodium h yd ro x id e  
Number of  exam inat ions  
Nuiiioer p o s i t i v e
X
•  •  •
•  •  •
»  •  •  
• •  •
462
152
Per c e n t ,  c u l t u r e  p o s i t i v e 9 0 • 9 0 9 2 2 . 8
Pan e r e a t i n - d e s o g e n
Numb e r of ex am inat ions •  •  • 9 0 9 462
Number p o s i t i v e • • • 0 0 0 127
per c e n t ,  c u l t u r e  p o s i t i v e •  •  • 9 0 0 2 9 .6
Contaminat ion r a t e s ; -  Sodium hydroxide P a n c r e a t in -d e so g en
9 .7  per c e n t ,  o f  2 0 .1  per  c e n t ,  of  a l l  
a l l  s l o p e s  s l o p e s  i n o c u la te d
in o c u la te d
x F i g u r e s  no t  g iven  in  o r i g i n a l  paper
 6 ) .
exam ined.  Each s pecImen "treated by both methods .
Pe tra g n a n i  medium ~ “ '
L/i e b h od.
N e g a t iv e  by 
mi croscopy
P o s i t i v e  by
microscopy Tota l
Sodium hydro x i  de
lumber o f  exam inat ion s 5 0 .5  
per c e n t .
6 2 ,5  
per c e n t .
95
1 um b e r p o s i t i v e "V• • • • f # 0 • •
per c e n t ,  c u l t u r e  p o s i t i v e # • m • • # 50 .51
Trisodium phosphate-
benzalkonium c h l o r i d e
lumber o f  exam inat ions
1
2  • o
per c e n t .
JT
6 7 .5  
per c e n t .
95
lumber p o s i t i v e # • • • • • • m m
Per c e n t ,  c u l t u r e  p o s i t i v e • • • • • * 60
Contami n a t i o n r a t e s : -  Sodium h yd rox ide Tri sod ium ph. os onat e -  
_ ' benzalkonium chl or ide
I S . 7 per c e n t .  2 . 1  per c e n t ,  o f  a l l
o f  a l l  s l o p e s  s lo p e s  in o c u la t e d
in o cu la te d
x F ig u r e s  not g iv e n  in o r i g i n a l  paper
5 These f i g u r e s  d i f f e r  from tu ose  g iven  for tn e  sodium nydroxide  
method because  more specimens were p o s i t i v e  by m icroscopy a f t e r  
c o n c e n t r a t io n  by sodium hydroxide  than a f t e r  t r i so d iu m  pnosphate-  
benzalkonium c h l o r i d e
T r i s odium pn o s pnate  v e rsu s  t r i s o d iu m  piios p h a t e  plus 
pen z s I k on i  uni c n l o r i d e f o r  t n e i o O lu t ion~of"•Fubercl'e 
t  s p u t um (Pa t t e r  s on e t  u l «7  19 56 T. On e"nuna red 
a n cl :f i :ik y - 1 Ur  ee 3 oe c ime n s ex a. lined , eaoii soecinen 
t r e a t e d  by Doth  met h ods Petragnani"medium
Metnod
N eg a t iv e  by 
m icroscopy
P o s i t i v e  bp
m icrosc  0 py
Total
T r is  oc i  um pno s piia t. e 
Numbe r of  ex am i  n a t i  0 n 3 8b 17 153
N umber p0 s i  t i  v e
per c e n t .  
. .
per c e n t .
# e> * • * 0
Per c e n t ,  c u l t u r e  p o s i t i v e • • • 2 1 .6
Trisodium phospba+e-  
be n z a Iko n ium cb 1 o r  i. d e
Number o f  exam inat ions 83 17 153
Number p o s i t i v e
per c en t . per c e n t .
* • *
P e r  c e n t ,  c u l t u r e  p o s i t i v e o2 .7
Pontamination r a t e s :  - Tr isod i um pnospnate prisodium pnos pnate
7.2 per  c e n t ,  o f  a l l  0*7 per c e n t ,  o f  a l l  
s l o p e s  i n o c u l a t e d  s l o p e s  i n o c u l a t e d
x F i g u r e s  no t  g iven  in  o r i g i n a l  0a per
Table 33
Sl i d e  c u l t u r e  v ersu s  cu l t u r e  by t h e  sodium h y d r o x id e  method 
on L o w e n s t e m - J e n s e n  medium i o r  t h e  i so l& t i 'o n  o f  t u b e r c l e  
Daci lTT from sputum.  A l l  sp ec im en s  t r e a t e d  by b o th  m e t h o d s . 
H e s u l^ s  f rom PecLing, fl91mQ ’
Method
N e g a t iv e  by
d i r e c t
m ic ro sco p y
P o s i t i v e  by
d i r e c t
m ic ro sc o p y
T o t a l
S odium n y d r o x id e  
Number o f  e x a m i n a t i o n s 169 31 2 0 0
Number p o s i t i v e 44 31 75
P e r  c e n t ,  c u l t u r e  p o s i t i v e 26 1 0 0 3 7 . 5
S l i d e  c u l t u r e
Number o f  e x a m i n a t i o n s 169 31 2  0 0
Number p o s i t i v e 15 31 46
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Contaminat ion  r a t e s : - f i g u r e s  no t  g iven  i n  o r i g i n a l  paper
Table  39
Sl i d e  c u l t u r e v er s u s c u l t u r e  by t h e  sodium h y d r o x id e  
method on h o w e n s t e i n - J e n s e n  medium f o r * Fhe" I s o l a t i o n
of  t u b e r c l e  b a c i l l i  from sputum*  Each s p e o i m e ~ t r e a t e d
by bo th  m eth  ods »____ He s u i t s  from HesseXber g and Qed i n g yd 9 5 i )
Method
N e g a t iv e  by- 
mi c roscopy
P o s i t i v e  by 
m ic ro s c o p y T o t a l
Sodium h y d r o x i d e
Number of  e x a m in a t io n s 1 ,9 2 4 219 2  ,153
Number p o s i t i v e 242 2 1 1 554
P e r  c e n t . c u l t u r e  p o s i t i v e 1 7 .7 96.2 2 5 .7
S l i d e  c u l t u r e
, i
Number o f  e x a m i n a t i o n s 1 ,9 2 4 219 2 ,1 5 3
Number p o s i t i v e 156 2 1 1 267
P e r  c e n t ,  c u l t u r e  p o s i t i v e 8 . 1 96.2 17
Contaminat ion  r a t e s : E igu re s  not  given fn o r i g i n a l  paper
Table 40
S odium h y d r o x id e  v e r s u s  m i c r o - c u l t u r e  f o r  t n e  i s o l a t i on of 
T u b e r c l e  ba c I I I T  i r o m spu tum .  ' i l l  speciii ie ns 1 r e  1' fed~oy 
b o t h  methods* Bat® from Ber r y  and Lowr y  1150)
Method
N e g a t iv e  by 
m ic ro s  copy
P o s i t i v e  by 
m ic ro s c o p y T o t a l
Sodium h y d r o x id e  
Number o f  e x a m in a t io n s 927 26 972
Number p o s i t i v e 44 27 71
p e r  c e n t ,  c u l t u r e  p o s i t i v e 4 . 7 Vb 7 .6
M i c r o - c u l t u r e
Number o f  e x a m i n a t i o n s 927 26 972
Number p o s i t i v e 19 29 48
j P e r  c e n t ,  c u l t u r e  p o s i t i v e 2 8 0 . 6 4 . 9
Co n t a m i n a t i o n  r a t e s : -  Sodium n y d ro x id e  Micro - c u l t u r e
1 2  p e r  c e n t ,  of  a l l  
spec im ens  examined
9 per  c e n t ,  o f  a l l  
spec im ens  examined
Table  41
- S l id e  c u l t u r e  ve r s us t r isodium phos p h a te  hom ogen isa t ion  
f o r  t n e  cu l t u r e  of t u b e r c l e b a c i l l i  from sgutimT ("Simpson 
and n eed ,  1 9 5 5 j .  jjijacn specimen ouI^ured~by ~b ot H "ae :t  IioTs~
Met nod
C o n c e n t r a t e
m i c r o s c o p i c a l l y
n e g a t i v e
C o n c e n t r a t e
m i c r o s c o p i c a l l y
p o s i t i v e
T o t a l
S l i d e  c u l t u r e
I\iUaber of  e x a m i n a t i o n s 2 ,0 1 8 250 2 ,2 4 8







p e r  c e n t*  c u l t u r e  p o s i t i v e 2  *8 92 . 6 1 2
T r iso d iu m  p h o s p h a te  
Humber o f  e x a m i n a t i o n s 2 ,018 250 2 ,2 4 8
Kumber p os i  t  i v e 57 161 218
Per  c e n t  . c u l t u r e  p o s i t i v e 2 . 8 70 9 .7
Contaminat ion  r a t e s : -  f i g u r e s  not  given in o r i g i n a l  paper
T a b l e  4 2
l i i o r o - c u l t u r e  v e r s u s  t n e  sodiuig ny t £ o x ide  metnod 1 or tn e  
i s o l a t i o n  o f  t u b e r c l e  ba c i l l i  from spu tum . / i l l  s pecimens 
n e g a t i v e  t o r  a o i l - f a s t  b a c i l l i  by u , i o r o o o o r y T~ 3 3 cE 
sp ec im e n  c u l t u r e d  by botu  met no a s . _ a e s u Tl;s~Tro 3 ~3 nn ( 1 ^ 5 5  )
k'6 t  a. 00 it&SUl oo
mean t ime f o r  
r e c o g n i t i o n  of  
p o s i t i v e  r e s u l t
k i o r o - c u l t  a r e
B uni b e r  o f  exa m i a a t i o n s 56
iiUi:!oer p o s i t i v e 3 0 2*5 days
Per  cent  . c u l t u r e  p o s i t i v e ou . a
3 o d i um hy d r  oxide
Number of  examina t ions 56
B um b e r  p c s i t  i  v e 23 31 .1  days
Per c e n t ,  c u l t u r e  p o s i t i v e 41.7
Contamina t ion  r a t e s : -  F igu re s  not  g iven in o r i g i n a l  paper
Tab le 40
M i c r o - c u l t a r e  ( f i l t e r  paper s t r i p s  on s o l i d  iedium f o r
10 _d a y s ) v e r s u s  sodium d ro x i dex f o r t ne i s o l a t i o n of
tube r o l e b a c i l l i  from s puturn . __L£v. ens t e i n - j  ensen medium.
Bach specimen cu l t u r ed 2 1 botn met nod s . -v : t  S ' f  rOii”
Method p o s i t i v e  
m ic roscopy
N e g a t i v e  oy 
m ic ro sc o p y
S od i  um h y d r o x id e
Bumher c f  e x a m i n a t i o n s . . .  i » « «
Bum b e r  p o s i t i v e • •  • • •  •
P e r  c e n t ,  c u l t u r e  p o s i t i v e • 0 •
m i c r o - c u l t  a r e
Number o f  e x a m i n a t i o n s • 0 » • « «
B umbe r  p o s i t i v e * 6 • 0 a o
Per  c e n t ,  c u l t u r e  p o s i t i v e • • « • 0 •







x p i n a l  c o n c e n t r a t i o n  f o r  most  specimens vs a s 0*7 o per  c e n t .  
i  F i g u r e s  not  g iven  i n  o r i g i n a l  paper
Laryngeal  swab versu s  g a s t r i c  la v a g e  f o r tiie i s o l a t i o n  of  
t u b e r c l e  b a c i l l i  in  ca ses  of pulmonary t u b e r c u l o s i s  
a l l  "Los pi t a !  pat i e n t s  and T¥7 out -oat i e n f s  ffforbes eT_al . , 
1948)* Each pa t i e n t  examined by potn methods .  Two 
l a r y n g e a l  swabs taken at  eacn i n v e s t i g a t i o n . LcSwenstein-  
Jensen medium
a) I n - p a t i e n t s  
Number o f  exam inat ions  
Number p o s i t i v e





Per c e n t ,  c u l t u r e  p o s i t i v e 2 2 42
b) O u t - p a t i e n t s
Number o f  exam inat ions 1 0 1 1 0 1
Number p o s i t i v e 1 2 1 1
Per c e n t ,  c u l t u r e  p o s i t i v e 1 2 .9 1 0 .9
T a b l e  4 5
Gast r i c  l a v a g e  v er su s  l a rynge a l  s wab for  t ne i s o l a t i on o f  
t u b e r o l e  oa o i l l i  from pa t i e a t s  A l l  pa t i s a t s  i n v e s t i g a t e d  
by Ho o^5 'me ffiio'as. ‘ Two l a r y n g e a l  swabs t aken from e ach pat i e n t  • 
L o w e n s te la -Jen sen  and P e i z e r -a c h e o te r  medium i n ocul a ted  from"* 
eacn spe c im en .  R e s u l t s  from Chaves, p e i z e r  & w in e lo c k  (1953)
Method B esu l t
G a s t r i c  lavage
Numb er of ex ami n a t io n s
Number p o s i t i v e
1 ,4 1 8
187
Per c e n t ,  c u l t u r e  p o s i t i v e 1 8 .2
Laryngeal  swab
Number o f  exam inat ions 1 ,4 1 8
Number p o s i t i v e 185
Per c e n t ,  c u l t u r e  p o s i t i v e 9 .6
______
T a b l e  46
L aryngeal  swaps vers  us g a s t£i_c lavage  for  t ne i s o l a t i on 
of  t u b e r c l e  b a c i l l i  from p a t i e n t s  . Each p a t ie n t  
i n v e s t i gat e d by ootn metnods on one to ti iree o c c a s i o n s .  
3wabs t r e a t e d by a l k a l i « Re s u l t s  from Tonge and Hughes ,
Method P a t i e n t s Specimens
G a s t r i c  la v a g e  
Number i n v e s t i g a t e d  
Number p o s i t i v e
465
130
1 ,3 0 5
268
per  c e n t ,  c u l t u r e  p o s i t i v e 28 2 0 . 5
Laryngeal  swab 
Number i n v e s t i g a t e d  
Number p o s i t i v e
465
54
1 ,3 0 5
99
p er  c e n t ,  c u l t u r e  p o s i t i v e 1 1 . 6
L
7 .6
Laryngeal  swab versus  s putum c u l t u re for  th e  i s o l a t i o n  
of  t u be r c l e  b a c i l l i  i n c a s e s o f  pulmonary t u b e r c u l o s i s . 
Major i t y  o± sputum specimens negat i v e  by la ic  rose  opyT~~~ 
Escn  pa t i e n t  examined by botn meThods. Two la r y n g e a l  
swabs taxen  at each i n v e s t i g a t i o n /  hdwenstei n - J e n s e n 
medium » r e s u l t s  from Forbes e t  %TTTL94bS"
Method He s u i t
Sputum c u l t u r e  
Number of  examinations  
Number p o s i t i v e
96
28
Per c e n t ,  c u l t u r e  p o s i t i v e 29 .2
Laryngeal  swab c u l tu r e
Number o f  exam inat ions 96
Number p o s i t i v e 16
per c e n t ,  c u l tu r e  p o s i t i v e 1 6 .7
T a b l e  4 9
The e f f i c i ency of d i f f e r e n t  ty p es  of  s £e cimens in  
i s o l a t i n g  t uberc l e  baci l l i  ' f r om l p7 pa r e n t s !  Da on 
p a t i e n t  on one or more o c c a s io n s  c o n tr ib u te d  four  
specimens v i z* sput um, g a s t r i c  cont e n t s , la r y n g e a l  
swab, ur i n e .  Hesnlt -s from Ha ta e t  ,a l . T (1S5QX
Specimen Wo. o f  spec im ens p e r  c e n t ,  p o s i t i v e
Sputum homogenate  
c o n c e n t r a t e d
n o t
ISO 3 5 .4
Sputum homoge n a t  e 
c o n c e n t r a t e d  by 
c e n t r i f u g a t i o n ISO 3 7 .7
G a s t r i c  w a sh in g s 130 43 .9 j
L a r y n g e a l  swab 130 16 .9
U r i n e 130 2 . 3
Trach e a l  la v a g e  versu s  g a s t r i c  l avage for  th e  i s o l a t i o n
of  t u b e r c l e  b a c i l l i  in  c a se s  of pulmonary t u b e r c u l o s i s
(W h rd r ip  e L _ a l *, 194 a ) .  I a v e 51 i  ga tT 0 n"~of ~T9~9~ p a t  i"e n t  s
n e g a t i v e  by d i r e c t  metnods
Method R esu lt
Tracheal  lavage  
Number of  examinations 199
Number p o s i t i v e 1 1 1
Per c e n t ,  c u l tu r e  p o s i t i v e 5b . 8
G-astric la v a g e  
Number o f  examinations
X
8 6
Number p o s i t i v e 24
Per c e n t ,  c u l t u r e  p o s i t i v e 2 7 .9
•
A l l  of  t n e s e  specimens were from the  group o f  111 
p a t i e n t s  who y i e l d e d  p o s i t i v e  f in d i n g s  w ith  t r a c h e a l  
l a v a g e .  G a s tr ic  lavage  was never p o s i t i v e  in  a 
p a t i e n t  i n  whom t r a c h e a l  lavage  was n eg a t iv e
Tr a c h e a l  l avage v e r su s  g a s t r i c  lavage  for  tne i s o l a t i o n  
of  t u b e r c l e  b a c i l l i  irom p a t i e n t s .  Data i r o n  Deakins  
and Barper ,  Tuba .  JIT p a t i e n t s lTvestrga'ted  oy ootn  
methods on same day or by one metnod one day and a l t e r n -  
aTrve metnod on f h e t o  IT owing day *
Me thod N esu l t
G a s t r i c  la v a g e
Number o f  exam inat ions 486
Number p o s i t i v e 129
Per c e n t ,  c u l t u r e  p o s i t i v e 2 6 .5
Tracheal  lavage
j
Number o f  exam inat ions 486
Number p o s i t i v e 1 1 2
■
Per c e n t ,  c u l t u r e  p o s i t i v e 2 0
T a b l e  51
Compari  s o n o f  t r a c h e o - broncni a l  l a v a ge,  ga s t r i c  l avage
and l a r y n g e a l  swabbing f o r tn e  i s o l a t i on 0 1  t u b e r c l e 
o_ a o i l l i  f rom p a t i e n t s  w it  a minima l  t  no ercu lo s i s  (Lees  
e S Z a l . , I i 5 5 ) .   hacn me t nod a p p l ie d  t  o~l4'4 p a t i e n t s
No. o f  c a s e s  j Method I No. p o s i t i v e
144 Any or a l l 55 (24 per c e n t . )
144 T ra c h eo -b ro n ch ia l  la v a g e 26 (16 pe r c e n t . )
144 G-astric lavage 14 ( 1 0 per c e n t . )
14-4 Laryngeal  swabbing 8 ( 6 per c e n t . )
Com pa r i  son o f  tn e  r a t e s  o f  i n f e e t i on of  la'b or a t  o r^  w o r k e r s  
w i t h  t u be r o l e  b a c i l l i  w i t h  t h e  e x p ec ted  . ra tes  computed 
from t n e  g e n e r a l  p o p u i a f i  on J.HeId “  ” ‘
Occupation
Observed h ates Expected h a te s
Male ■ female Male ■female
P a t h o l o g i s t 12 4 4 0.5
T e c h n i c i a n : -  
Ohief  or S e n io r o 0 3 0
Trained 10 2 5 2
Juni or 14 5 3 5
Student 11 12 2 3
Post-mortem  
attend  ant 10 - 1 -
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E f f e c t  o f  mechan i c a l  sha k in g  on the e f f i c i e n c y  o f  
t h e  o x a l i c  aci'd metFod fo r  i s o l a t i n g  ‘t u b e r c l e  
b a c i l l i  f r  om s put urn. pi  gu r e s f r  o incoITinsT ‘ ( 1 9 5 1 ) .
-p^c    1 • f  , l -"■ »  «=«"■**' cx-.^riSn .i- »n-i....... . . w im  i u j m k . i. ■> . .  .MM „ i m . ji.liu
Two s e r i e s  oi spec im en s ,  one s e r i e s  nomogemsed by 
m e ch a n ic a l  sh a k in g ,  the  o th er  by hand sh a k in g .  ’ Each 
specimen s TTocafetf^To one method o n ly .  i f lwenst 'e iu-  
Jensen  medium
Method R e s u l t s
M ech a n ica l  s iiaking
Number o f  ex a m in a t io n s 288
Number p o s i t i v e 102
Per c e n t ,  c u l t u r e  p o s i t i v e 2 6 , 2
Hand shaming
Number o f  ex a m in a t io n s 279
Number p o s i t i v e 87
Per c e n t ,  c u l tu r e  p o s i t i v e ro ro • to
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E f f i c i e n c y  of methods of  i s o l a t i ng t u b e r c l e  b a c i l l i  from 
s putam. Numbers of v i a b l e  organisms found in  the  s u p e r ­
n a ta n t  f l u i ds and in  tne  c o r re sp o n d in g  sedim ents  obta ined  
by cent r i f u g i n g  homog enat es  o f  sputum. Each c ount i s  
t h e  mean of  2  r e p l i c a t e s
N o . of  
0 - C2  ml
v i a b l e  organisms in  





S od i  um 
h y d r o x id e




Sulphur ic  
a c id
1C"2 1 0 "S
A c id - ir o n - [  
p e r o x id e
1 0 "2 1 0 1
5 Sediment
X
U 19 U 14 U 41 U 42
Supernatant 7 0 27 2 9 0 2  0
. -2  . . - 2  
1 0  1 0 i c ”2 10<* t i o 3







Sediment U 5.0 u 0 2 U 2 1 U 24 |
S u p ern atan t 25 2 6 1 6 1 25 1
x U u n c o u n ta b le
f  Note t h a t  t h i s  count was made from a lower d i l u t i o n  
than the  o th ers  in t h i s  + a o l e
T a b le  57
Numbers o f  v i a b l e  t u b e r c l e  b a c i l l i  r e c o v e r e d  from 
spufum aT u n t r e a t e d  , o j  homogenised"”w i th '  pane r  e a t  i n ,  
c ) ho m o g en ised  w i t h  sodium n y d r o x id e ,  d )  hom ogen ised 
w i t h  s u l p h u r i c  a c i d .  C ou n t in g  d i l u t i o n s  f o r  a)  and 
b ) made I n  p r o s l a u e r  "and Been medium c o n t a i n i n g  IT  
2 0 QQ0 Q p r o f l a v i n e .  C oun t ing '  d i l u t i o n s  f o r  cT and d j 
made i n  P ro sm a u e r  and Be ex medium w i t h out  p r o f l a v ineT  
A l l  c o u n t s  a r e  mea ns o f  5 r e p l i c a t e s
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T a b le  62
Qompa r i  eon _£f  r e s u l t s _ o b t a i n e d  b y t n e  sod iuin hydr o x i d e  
method aid b y _ t r e _s u l p h u r i c  a c id  method in  1 2 0  sp ec im ens 
o f  s p utum o b ta in e d '  f rom 40 p a t i e n t s  FS r e p l i c a t e  spec l inens  
i ^ c-jj ...inarm d x l i i i x L i  - s p e c i mens ne g a t i ve f o r ^aQT^ ~7as t
D c .o i l i i  o.y d i r e (j [ -itiai*osoopy
number P e r  cen t  -
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Tabl e  6b
Com pa r i s on_ of r e s u l t s o b t a i n e d  by f u e  sodium hydrox.ide 
method  and by t ne s o d i um n y d r o x i d e - t eepol~nFtnoa '  Tn~45 
s p e c im ens o f  sputum f r om 15 p a t i e n t s ♦ “T e a cn"pa tTenF  c o n ­
t r i b u t e d  o r e p l i o e t e  s pecimens j .  All s p eoimens  n nat i ve
f o r  ._c id  - f a s t  _ b_ a c i  i l i  by d i r e c t  . . l i . r o s c o  py
Number Per  c e n t .
Spec im ens  e x a mi n e d 4-5 1 0 0
3  oec im ens  p o s i t i v e  bjr: -
S i t h e r  or  b o t n  method s 1 1 2 4 . 4
B o th  m e th o d s 7 1 5 .6
Sodium h y d r o x i d e  method 1 0 2 2  . 2
S o d ium hyd r  o x i  d e - t  e e p o 1  met ho d 8 1 7 .8
3  od iurn h y d r o x id  e me+hod o n ly k) 6 .7
Sodium h y d r o x i d e - t e e p o l  method 
o n ly 1
1 I 1 i 1 1 i
ro • ro
i I 1 L
C o m p a r i s on o f  c o n t a m i n a t i o n  r a t e s  of  t h e  sodium h y d r o x id e  
and s o d i um n y d r o x i d e - ^ e p o l  m e t h o d s .  Two LBvFensteTH^ " 
J e n s e n  slTopes i n o c u l a t e d  by each  method from e a e i T o f T s  
s p e c im e n s
A s se s sm e n t  of  
c o n t a m i n a t i o n  r a t e
Metnod
Sodium h y d r o x id e Sodium h y d r o x i d e - t e e p o l
S l o p e s  c o n t a m i n a t e d  
/ s l o p e s  i n o c u l a t e d
S pec im ens  y i e l d i n g  
no r e s u l t  b e c a u s e  
o f  c o n t a m i n a t i o n  
o f  b o th  s l o p e s /  
s p e c im e n s  examined
2 4 / 2 0  
( 2 6 .7  pe r  c e n t . )
7 /45
( 1 5 . 6  p e r  c e n t )
9 /20  
( 1 0  p e r  c e n t . )
0 /4 5
Table 70
The v a l u e  o f  c e n t r i f u g a t i o n  i n  t h e  i s o l a t i o n
£*" i u-b e r n l e b a c i l l i  f r o m s putum .  _ Comparison
o f  t n e  numbers  of  . p o s i t i v e  r e s u l t h '  ob t a  I  ne d 
f rom 74 sp e c im e n s  of  sputum by t h e  sod ium ny& rox ide 
when t he homogen a t e  i s  c e n t r i f u g e d  wi t h  t he number 
o b t a i n e d  when a " p o r t i o n  of  t h e  "homogenate i s  
1 no cuTaTeT w i th o u T  p r  e 1  l'min a r y “o on c e n t r a T i o n  by 
c e n t r i f u g a t i o n^ Two Lower s t eTn~Jensen  s 1 opes " 
i n o c u l a t e d  by 'e ach  method ~
Number P e r  c e n t .
Sp ec im en s  examined 74 1 0 0
S pec im ens  p o s i t i v e ; -
With o r  w i t h o u t  c e n t r i f u g a t i o n 19 2 5 .7
W ith  and w i t h o u t  c e n t r i f u g a t i o n 1 1 1 4 .9
Only w i t h  c e n t r i f u g a t i o n 8 1 0 . 8
Only w i t h o u t  c e n t r i f u g a t i o n 0
Comparison  o f  t h e  c o n ta m in a t i o n  r a t e  o b t a i n e d  by t n e  
sodium ny d r o x i d e  method wEen t h e  homogena t e ' i s " " c e n t r i fu g e d  
a nd t he r a t e o b t a i n e d  wnen a p o r t i o n  ox tn e  hom ogenate  i s  
i n o o u l a t e d  w i t n o u t  p r e l i m i n a r y  c o n c e n t r a t i o n~by c e n t r i f u g ­
a t i o n  . Two L ^ w e n s t e l 'n - J e n s e n  s l o p e s  i h ocu X a ted from eaoh 
o f  t h e  s pec im ens  by eac h  method
Method
Assessment  o f
c o n t a m i n a t i o n  r a t e C e n t r i f u g a t i o n  No c e n t r i f u g a t i o n
S l o p e s  c o n t a m i n a t e d  
/ s l o p e s  i n o c u l a t e d
2 8 /1 4 8  
( 1 8 .9  p e r  c e n t . )
2 1 /1 4 8  
( 1 4 .2  per  c e n t . )
Specimens y i e l d i n g  
no r e s u l t  b e cau se  
o f  c o n t a m i n a t i o n  
of  b o t h  s l o p e s /  
specimens  i n v e s t i g ­
a t e d
5 /7 4  
( 6 . 8  p e r  c e n t . )
5 /7 4  
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l y p e  o f  Specimen
A l l
p o s i t i v e  by 
d i r e c t  
mi o ros  copy
P o s i t i v e  on ly  
a f t e r
c o n c e n t r a t i o n
Number o f  so e c im e n s  
examined 27 3 5
P o s i t i v e  r e s u l t s  
o b t a i n e d  by: -
E i t h e r  or  b o th  
m e th o d s 1 2 3 5
Both  m ethods Z 1 2
3  od i  um h yd r  ox i  d e
method 1 2 3 5
P . p .  method 3 1 2
Sodium h y d r o x i d e  
method on ly 9 2 3
P . p .  me t  n od on ly 0 0 o'
Negat ive  even 
a f t e r
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Compa r i s o n  o f  t n e  r e s u l t s  of  c u l t u r e  oy tn e  swab method 
arid by t h  e s o l i  un ii yd r  o x id e  n e t  nod of s putum snowing 
a c i a - f a s t  b a c i l l i  on ly  a f t e r  c o n o e a i r  a t fo r i
Number p e r  c e n t .
3  o ec im ens  examined s o 1 0 0
3 pec im ens  ? o s i t i v e  b y ; -
E i t h e r  o r  b o tn  m e th o d s 2 7 90
B oth  m e th o d s 23 7 6
Swab m etnod 24 80
Sodium h y d r o x i d e  met.nod 26 8  6
Swab method o n ly 1 3 .3
Sodium h y d r o x i d e  m ethod  o n ly 3 1 0
met n o d s  i n  spec im ens  of  sputum each  from a” d i i f e r e n t
p a t i e n t .  Sputum n o t  s h owing a c id  -faslT~D a c i l l !  even
a f t e r  c o n c e n t r a t i o n  ‘
A l l  s p e c im e n s Specimens from
which 2  u ncon-  
t a m i n a t e d  s l o p e s  
were o b t a in e d
Number p e r  c e n t . Number P e r  c e n t .
Spec im ens  examined 
S pec im ens  p o s i t i v e  b y : -
ISC 1 0 0 89 1 0 0
| E i t h e r  o r  b o t n  m etnods 34 26 .2 28 3 1 .5
B o tn  m e tn o d s 19 1 4 .0 17 i—1 4
a*i—I
Swab method 2 2 1 6 .9 18 2 0 . 2
Sodium n y d r o x i d e  m ethod 31 2«5 • 9 27 5Q.a
Swab m ethod  o n ly 3 2 . 3 1 1 . 1
Sodium h y d r o x i d e  method o n ly 1 2 9.2 1 0 1 1 . 2
0 o rag a r i son o f  con tam i n a t i on r a t e s o b ta in e d  w i t h  t h e  
s o d i u m h y d r o x i d e me t h o d  and t h o s e o b t ained~wTtn~Na3 S a u 1s
swab m e t h o d .  Two Lgwenste i n - j e n s en s l o p es  i n o c u l a t e d
f rom ea c h  s p e c im ens by each method;  13 0  s p e c im e n s~ e x ami n e d , 
each  from a d i f f e r e n t  p a t i e n t
Method
A s se s sm e n t  o f
c o n t a m i n a t i o n  r a t e Sodium h y d r o x i d e Swab
S l o p e s  c o n ta m in a t e d  
/ s l o p e s  i n o c u l a t e d
4 1 /2 6 0  
(16 p e r  c e n t
2 1 . / 2 6 0  
( 8  p e r  c e n t . )
S p ec im en s  y i e l d i n g  
no r e s u l t  b e c a u s e
o f  c o n t a m i n a t i o n  of  
b o t h  s l o p e s /  
s p e c im e n s  examined
13 /1 3 0  
( 1 0  p e r  c e n t
3 /1 3 0  
(2 .3 p e r  c e n t .)
I !
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Q o n o ar i so n  o l  r e s u l t s  ob t a i n e d  by t n e  sodium h y d r o x id e
m e t n od and __by J\i as e a u 1 s '  swab met  n od i n _ l 0 4 ” ip e o  l i e n s
o b t a i n e iT f rom  41 patTenTTs~( e~on p a f  1 ent "'6 onT r r bu iea  2
0r .tl, , .3\ 0  G:j '^e f Pe oime ns  J • Al l  s 3s c i  uens n e g a t i  v e T o r
a c id  - f a g f  b a c i l l i  oy J i r e c t  m i c r o s c o py
Number i P e r  o e n t .
.Specimens e xam ined 104 1 0 0
S p e c im en s  p o s i t i v e  Dy_: -
S i t n e r  o r  b o t h  m etnods 28 2 6 .9
B o tn  m e th o d s l o 12 .5
Sodium h y d r o x i d e  m ethod 2  7 25 .9
Swab method 14 13 .5
Sodium h y d r o x i d e  met nod o n ly 14 1 3 .5
Swab metnod o n ly 1 1
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Kumber Pe r  o en t .
S pec im ens  examined 138 1 0 0
Spec im ens  p o s i t i v e  byu -
E i t h e r  or  bo+h methods 33 2 0 .9
B o th  m ethods 1 2 8 . 7
Sodium n y d r o x i d e  method 28 2 0 .3
L a r y n g e a l  swab method 17 1 2 .3
Sodium h y d r o x i d e  met nod on ly 16 1 1 . 6
L a r y n g e a l  swab method o n ly 5 3 .6
(Table 82
Co m par ison  01 t iie c ontami n a t i o n  r a t e s  of  t h e sodium 
h y d r ox i d e  and TaryngeaT"”swa'b me thod's* Two hbwen s t e i n  -  
J e n s e n s l o p e s  i n o c u l a t e d  f r om ea ch  spec im en by e a c h 
m e tn o d ; e acn method a p o l i e d  t o  l b 8  r e p l i c a t e  s p e c i mens 
o b t a i n e d  f rom 4b p a t i e n t s
A sses sm en t  o f
Method
c o n t a m i n a t i o n  r a t e Sodium h y d r o x id e L a ry n g e a l  swab
S l o p e s  c o n t a m i n a t e d  
/ s l o p e s  i n o c u l a t e d
62/2  76 
( 2 2 * 8  p e r  c e n t . )
24 /2  76 
( 8 . 6  p e r  o e n t •)
S p ec im e n s  y i e l d i n g  no 
r e s u l t  b e ca u s e  o f  
* c o n t a m i n a t i o n  of 
Dotn s l o p e s /  
s p e c im e n s  exam ined
1 7 /1 3 8  
( 1 2 .3  pe r  c e n t . )
2 /1 3 8  
( 1 .4  p e r  c e n t . )
I ’ • f
1 I
I ■ ' | | t .
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T a b l e 64
Qomgarison. of th e  e f f i c i e n c y  of c e n t r i f u g a t i o n  and. barium 
s u l phate  s e d im e n ta t io n  f or c o n c e n t r a t in g  t u b e r c l e  b a c i l l i  
from spu tum homogenised by th e  sodium h y d ro x id e me th o d .
R e s u l t, of  ^ c u l t u r e  i n  45 s pecimens ob ta in ed  f r om I S ~ p a t i e n t s ;
e ach spec im en examined by bot h meth od s ; g L bw ens te in -Jensen
s l o p e s  i n o c u l a t e d  by each m e t h o d .  A l l  specimens"*neg a t i v e
f o r  a ci d - f a s t  b a c i l l i  by d i r e c t  m ic roscopy  "
Number Per c e n t .
Specimens examined 45 IOC
Specimens p o s i t i v e  b y : -
E i t h e r  or bo th  methods 9 20
Both methods 6 13.5
C e n t r i f u g a t i  on 7 15 .6
Barium s u l p h a t e  s e d i m e n ta t i o n 8 17 .8
C e n t r i f u g a t i o n  only 1 2 .2
Barium s u l p h a t e  s e d i m e n t a t i o n  only 2 4 .4
T a b l e  85
Compa r i s o n  o l  c o n ta m in a t io n  r a t e s  i n the c u l t u r e  of 
homogenates o f  sputum c o n c e n t r a t e d  by c e n i r i f u g a t i o n
and by bar ium ~ s 'ulph a te  s e dImentTat i o n  .  Two hflwenst e i n  -




c o n ta m in a t io n  r a t e  ; C e n t r i f u g a t i o n Barium su lp h a te
- S lo p e s  c o n tam in a ted  
/ s l o p e s  i n o c u l a t e d
1 9 /9 0  
( 2 1 .1  per  c e n t . )
19 /90  
( 2 1 .1  p e r  c e n t . )
Specimens y i e l d i n g  no 
r e s u l t  because  o f  
c o n ta m in a t io n  of 
bo th  s l o p e s /  
spec im ens  examined
S/45
( 1 1 .1  per  c e n t .)
2 /45 
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Comp a r i s on of trie e f f i c i e n c y  o f  c e n t r i f u g a t i o n  and
bar ium s u l  phate s e d i m e n ta t i o n  jlor  c o n c e n t r a t i n g  t u b e r c l e
b a c i l l i  from s .pat urn homo gen a te  3  .  Homogenates fo r  cent -
r i f a g a t i o n  prepared by t he sodium hydroxide method; 
nomogenate s  fo r  barium s u lp h a te  s e d i mentat ion prepared  
py tne  method o f  P a t t e r s o n  e't a l * TT95o)T A n a ly s i s  of  
th e  r e s u l t s  of  c u l t u r e  of 15b spec im ens obtained from 52
pa t i e n t s . _ Bacn sp e c i men c u l tu r e d  b.y both methods « Tw0
I Sw enste i n -J en sen  s l o p e s  i n o c u l a t e d  by e ach met h o d . A l l  
spec im ens  n e g a t i v e  fo r  a c i d - f a s t  baci l l i  by dTrect"" 
m ic r o sc o p y
Number Per c e n t .
Specimens examined 156 100
Specimens p o s i t i v e  by; -
E i t h e r  or botn methods 55 2 2 .4
Both methods 18 1 1 .5
C e n t r i f u g a t i o n 32 2 0 .5
Barium s u lp h a t e  s e d im e n ta t io n 21 1 3 .5
C e n t r i f u g a t i o n  on ly 14 9 . 0
Barium s u l p h a t e  s e d im e n t a t io n  only 5 2 . 0
Comparison o f  contaminat ion  r a t e s  in  the c u l t ures o f  sputum 
nomog e n a t e s  c o n cen tra ted  by c e n t r i f ugat ion  and by bar ium
s u l p h a t e ^ s e d i m e n t a t io n . Homogenates fo r  c e n t r i f u g a t io n
prepared by t he sodium hydrox ide  metnod; homogen a te s  f o r  
par i  urn s u l o h a t e  s e d im e n ta t io n  prepared by t  ne metnod of  
P a t t e r s o n  e t  a l » ( 1 9 5 6 ) .  Two hSwensTein-Jensen s l opes
i n o c u l a t e d  by eacn metnod f rom each o f  156 specimens
Method
A ssessm ent  of
c o n ta m in a t io n  r a te C e n t r i fu g a t io n  Barium su lp h a te
S l o p e s  c o n ta m in a ted /  
s l o p e s  i n o c u l a t e d
52/S12
( 1 6 .7  per cent
44/512  
(1 4 .1  per c e n t . )
Specimens y i e l d i n g  no 
r e s u l t  because  of  
c o n t a m in a t io n  o f  
both s l o p e s /  
spec im en s  examined (9 pe r c ent
1 4 /1 5 6 9/156  
( 5 .8  per c e n t . )
F i g u r e  1
Count ing v i a b l e  t u b e r c l e  b a c i l l i
B ijo u  b o t t l e s  w i tn  L o w en ste in -J en sen  medium a l t e r  
an i n c u b a t io n  period o f  14 d a y s .  Bote sha l low  
cup-shaped s u r fa c e  of medium. A sm a l l  amoun+ o i  
c o n d e n sa t io n  m o is tu re  i s  ju s t  v i s i b l e  on tne necks  
of  tn e  b o t t l e s  4 tn  and 6th from tne l e f t • Separate  
c o l o n i e s  are  snCvn on tne  s u r f a c e  of  tne  b o t t l e s  4 tn  
and 5 th  from +ne l e f t .  h a / 4
F i g u r e  2
C o u n t i n g  v i a b l e  t u b e r c l e  b a c i l l i
The same b o t t l e s  as shewn in  f i g .  1; tne  caps have been  
removed i n  order to  d em on stra te  tne  s u r fa ce  growtn more 
c l e a r l y .  The caps do not r e q u ir e  to  De removed when 
making a count in p r a c t i c e .  Xl
L a ry n g e a l  swab assem bled  ready fo r  u s e .  Note tne  
generous  wrapping o f  nylon w o o l .  X 1 / 5
ffi gure  4
Concen t ra t i o n_o f  h ornogena t e s  o f  s putum by
means 5T 'bar i um s u l p n a f e
Components o f  s e d im e n t a t i o n  tube:  g l a s s  tube ,  cork
s to p p e r  w i t h  g l a s s  ro a ,  l ea d  f o i l ,  g l a s s  be_.d, rubber  
t u b e .  X 1 /2
Fi gu re  5
S e d i m e n t a t i o n  tu b e  a s se m b le d  from com ponents  snown i n  
f i g .  4 .  Note  t h a t  t n e  s i o p - c o c k  p o r t i o n  o f  t n e  
a p p a r a t u s  ( r u b b e r  tu b e  w i t h  g l a s s  bead )  i s  kep t  s t e r i l e  
by means o f  t n e  l e a d  f o i l  w r a p p i n g .  X 1 /2
Fi gure 6
Concent r a t i o n of_hom osenates  o f  sputum by means of  barium 
suIpEaJe " ' " ’
Hack c o n t a in i n g  s e d im e n t a t io n  t u b e s  t o r  c o n c e n t r a t i n g  t u b e r c l e  
b a c i l l i  by means o f  barium s u l p h a t e .  For each homogenate  
two t u b e s  are r e q u ire d  (a and b) .
The appearance  o f  tn e  two t u b e s  b e f o r e  commencing th e  con cen ­
t r a t i o n  procedure i s  snown by tu b e s  1 and 2: tube  a (now tube
1) i s  empty and tube b (now tube 2) c o n t a i n s  s t e r i l e  phosphate  
b u f f e r  at PH7.
Tubes 3 and 4 snow tne appearance  o i  t u b e s  a and b when sputum 
homggenate mixed w i t h  barium s u lp h a t e  nas  ueen added t o  tube a 
(now tube  0)  and a l lo w ed  to  stand f o r  10 m in u te s .  Note tn a t  
most o f  t n e  barium s u lp h a te  nas f a l l e n  to  tne  bottom o f  tube a 
(now tube o)  and t n a t  tn e  l e a d  f o i l  nas  been removed from t h e  
rubber t u b e - s o  t n a t  tne  sedim ent  may be run in to  tube b ( now 
tu b e  4 j .
Tubes 5 and 6 snow t n e  appearances  o f  tu bes  a and b 10 m inutes  
a f t e r  tne sediment from tube a (now tube 5) nas been run i n t o  
t u b e  b (now tube 6 ) .  Note th a t  tn e  l e a d  f o i l  nas  been removed 
from tube b (now tube 6J so t n a t  tn e  sediment may be run on to  
th e  s u r f a c e  o f  2 s l o p e s  o f  Loven s t e i n - J e n  sen medium. X 1 / 4
F i g u r e  7
p i g u r e  7a
Qoncen t r a t i o n of  homogenates of  sputum by me ans of
b a r i um s u l p h a t e
F i g .  7a i s  a photograph o f  2 c u l t u r e s  from t h e  same 
soutum on LSw'enste in-Jensen medium. The l e f t - h a n d  
c u l t u r e  was i n o c u l a t e d  w i t h  a c o n c e n t r a t e  made w itn  
barium s u l p h a t e  from a p o r t io n  o f  a sodium hydroxide  
homogenate o f  the  sputum. The r i g h t - h a n d  c u l t u r e  
was i n o c u l a t e d  w i t h  t n e  d e p o s i t  ob ta in ed  by c e n t r i ­
f u g i n g  the same volume o f  sputum homogenate
pi  gur  e 7B
P i g .  7B i s  a c o lo u re d  d raw in g  of tn e  main p a r t  of tne 
s u r f a c e  o f  eacn  o f  tn e  c u l t u r e s  shown in  f i g .  7a *
Note t n a t  a p p ro x im a te ly  tn e  same number o f  c o l o n i e s  
grow on eacn s l o p e ;  in  t h i s  i n s t a n c e  t h e r e  i s  no 
s t r i k i n g  d i f f e r e n c e  in  e f f i c i e n c y  between concentrat ion  
by barium s u l p h a t e  and c o n c e n t r a t i o n  by c e n t r i fu g a t io n *  
X 5 / 6
F i g u r e  7B
F i g u r e  8
Figu re 8a
G o n e e n t r a t i on  o f  homogena tes o f  s p u t um o f - Darium
s u l p h a t e
Fig* 8a i s  a photograph o f  2 c u l t u r e s  from trie 
same specimen, o f  sputum on L'owenste in-Jensen  
medium. The l e f t - h a n d  c u l t u r e  was i n o c u l a t e d  
w ith  a p o r t io n  of  sputum homogenised by the metnod 
of P a t t e r s o n  e t  a l * ( s e e  volume 1 ,  page 116 o f  tnis  
t h e s i s )  and c o n c e n t r a te d  w i t h  barium s u l p h a t e .  The 
f i g h t - h a n d  c u l t u r e  was i n o c u l a t e d  w i t h  a port ion of 
sputum homogenised by trie sodium h y d r o x id e  method 
and c o n c e n t r a te d  by c e n t r i f u g a t i o n
F ig u r e 8B
F i g .  8B i s  a c o lo u r ed  drawing o i  trie main part- 
of  th e  s u r f a c e  o f  th e  two c u l t u r e s  shown in  f i g .  
8a* a o t e  t h a t  th e  numbers o f  c o l o n i e s  on both 
s l o p e s  i s  ap p ro x im a te ly  trie same; in  t n i s  mixture 
t h e r e  i s  no s t r i k i n g  d i f f e r e n c e  in e f f i c i e n c y  
between c o n c e n t r a t i o n  by barium s u l p h a t e  and 
c o n c e n t r a t i o n  by c e n t r i f u g a t i o n .  X 5 /6
f f iga r e  83
F i g u r e  9
G o n c e n tr a t i on o f  nomogen a t e s  o £ s p a t  am by means 
o f '~ba r i  uin~ su l  oh a t e
P i g .  9a i s  a photograph o f  2 c u l t u r e s  from trie same 
specimen o f  sputum on L o w e n s te in -J e n se n  medium. The 
l e f t - h a n d  c u l tu r e  was i n o c u l a t e d  w i tn  a p o r t io n  of  
soutum homogenised by th e  method o f  P a t t e r s o n  e t  a l . 
( s e e  volume 1, page 116 o f  t h i s  t m e s i s )  and c o n c e n ­
t r a t e d  w i t h  barium s u l p h a t e .  The r ig h t -h a n d  c u l tu re  
was i n o c u l a t e d  w i th  a p o r t io n  o f  sputum homogenised  
by th e  sodium hyd rox id e  method and c o n c e n t r a te d  by 
c e n t r i f u g a t i o n
ffigure  9£
P i g .  9B i s  a co lo u red  drawing of  tne  main part  o f  
th e  s u r fa c e  o f  tne  two c u l t u r e s  shown in  f i g .  9a * 
Note th a t  tne l e f t - h a n d  c u l t u r e  from tne c o n ce n ­
t r a t e  prepared by tn e  barium s u l p h a t e  method y i e ld e d  
l e s s  than 20 c o l o n i e s  whereas the  r ig h t - h a n d  
c u l t u r e  i n o c u l a t e d  w i t h  th e  c e n t r i f u g e d  d e p o s i t  
prepared by th e  sodium h y d rox id e  method y i e l d e d  
s e m i - c o n f l u e n t  growth of  innumerable  minute  
c o l o n i e s *  In t h i s  i n s t a n c e  c o n c e n t r a t i o n  oy 
means o f  barium s u lp h a t e  i s  very  much l e s s  e f f i c i e n t  
tnan c o n c e n t r a t i o n  by c e n t r i f u g a t i o n .  X 5 /6
f i g u r e  9A
jFifeure 933
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